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In the followiog pages the theory of striictureB has been dealt 
with from the most elementary examples to those which are 
more involved. The arrangement is progressive, so that the 
book may be used as a text-book by those beginning to study 
the Bubject, and they will be taken by easy steps right through. 
Only the simplest problems in mathematics are employed and 
the method of using all formulfe is clearly set out ; graphic 
methods are employed whenever possible. The information 
when onco fully explained is not repeated, so that the more 
complicated structiirea can be dealt with concisely, thus 
enabling the book to form a handy reference to those engineers 
and architects who are engaged in the practical design of 
Btructures. It is quite distinct from other books on designing 
by the same author and pfcould - be- takeu &8' complementary 
to them. .-.:.■•. 
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THEORY AND PRACTICE 
IN DESIGNING 



CHAPTER I 

TlUBBS, IT9 SeASONWO AND SbRINEAOE — PhiNCIPLES OF StRBSS 

TiuBER is, perhaps, the best material to commence upon with 

view to Btadying the stresses in structures and the principles 
i design. It is well known that wood consists of bundles of 
brea interlaced so that they have amflll cohesion sideways, but 

nsidersble resistance to fracture across the fibres. Omitting 
light irregularities of growth, the fibre, or grain, may be con- 
idered as always running lengthwise of the piece, and to be of 
ie same character throughout. 

Id order to frame timber intelligently, it is necessary to know 
Dmething about its behaviour in seasoning, Beaeonuig is the 




rying-oat of moisture and sap after the timber is felled, and 
Ilia is hastened by cutting it up into boards and scantlings. 
'tg. 1 flhows the cross-section of a tree-trunk, with the annual 
iogs of woody fibre or vascular tissue and medullary rays 
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composed of cellalar tiesue. If the log were left to seoeon in this 
condition the evaporation of the moisture, which is distending the 
fibres, would cause the wood to shrink and split, or "shake," as 
shown in Fig. 2, and to prevent this it may be cut into planks, 
as shown in Fig. S, to allow the air to act more freely upon it, 







FiQ. 3. — Log cut into Planks for SeBBoning. 
Fig. 1.— Shiiaking and Warping of Planks. 

and to give it greater freedom of movement. Omitting the outer 
slabs, which consist almost entirely of baik, the planks will shrink 
in seasoning as shown in Fig. 4. Upon studying this figure in 
connection with the rings and rays of Fig. 1, it will be eeen that 
the shrinkage radially is eo slight as to be negligible, and that 
the chief movement is circumferential ; or, taking, Bay, a quarter 
of the tree and looking upon the 
medullary rays as the ribs of a lady'e 
fan, the shrinkage takes place exactly 
as the fan would move in closing, the 
reason being that the rays are somewhat 
harder than the other jmrt, and tend to 
retain their original dimensions. If the 
grain at the end of any piece of wood 
be carefully examined, the mode in 
which it will alter shape during any 
further drying, or conversely during 
any fresh access of moisture, can be 
confidently predicted. The shrinkage in 
length is very slight, but, owing to the shrinkage in width, a 
bevelled end is likely to alter considerably. The difference 
between a square end and a bevelled end in this respect is shown 



nc.6 
Fig, 6.— Timber cnt square 

HhrinkB sqiuue. 

FlO. 6. — Timber cnt on bevel 

alters angle in Bhrinking. 
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in Figs. 6 and 6, and the importaDce of using square ends 
whenever possible is self-evident' 

Wood is largely used for joinery and finishings in which 
qaestions of stress do not occur, but in carpentry, which has 
chieSy to do with structural work, and in which stability is a 
roain consideration, it is necessary to consider the various kinds 
of stress and how they can best be met. At one time the terms 
"stress" and "strain "were used synonymously, but it is now 
oustomary to coniine them each to its proper sphere. Stress is 
Ihe internal resistance set up by the action of a load ; strain is 
the alteration in shape produced by a stress, whether it be 
stretching, shortening, or bending. Thus we may say that a 
load of BO many pounds on a beam produces a stress of bo many 
pounds per square inch, and results in tensile and compres- 
sive strains, which permit a deflection bearing a certain ratio 
to the span. 

The general principles of stress in beams can be easily followed 
if a rectangular beam of timber be considered. First, take a 
straight- grained piece of pine free from knots, square in section, 
of I in. side and 42 ins. long, let it be supported at the ends on 
rigid supports, 36 ins. apart, and hang a weight of 14 lbs. in the 
centre, which will produce a slight deflection or bending in the 
middle equal to, say, 015 in. Now consider what this bending 
means. It is evident that the length on the inside of the curve 
along the top cannot be the same as the length on the outside of 
the curve along the bottom, although both top and bottom were 
of the same length to start with. The alteration is, perhaps, too 
small for actual measurement, but the curvature would enable it 
to be calculated. However, that is a matter that can be left for 
the present. What is important is to notice that the load bos 
produced a stress in the beam, resulting in a compressive strain 
in the upper pari and a tensile strain in the lower part, both of 
thorn being greatest towards the centre. There is another strain 
which cannot be seen so readily, but nevertheless exists ; it is 
dae to a diagonal stress called shear, greatest towards the ends 
of ibe beam and least at the centre. The effects of shear may 

' For (nil lafonniilion upon this [icirt of the subject, see " Jointa in Woodwork " 
(K.MidF.N.SpoD, M.). 
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be indicated diagtamniatically by Figs. 7 and 8, which indicate 
the tendency resolved into vertical and horizontal directions upon 
the principle of the parallelogram of forces (Fig. 9). Fig. 8 is 
very familiar in the woodyard or workshop when several matcb- 




FlO. 7.— lUustralion n( VerUcaJ Shear, FIG. 8,— ninstrstion of Horiionlal Shear. 
FiQ. U. — Resolution of Diagonal Stress into Vertical and Hotixontal Shear. 

boards are laid on open bearings. The slipping between the 
surfaces is true horizontal shear, and in a solid piece of wood, 
although the actual sliding cannot take place, the tendency is 
etill there. Fig. 10 shows the lines of stress in a beam and 
how they change from the horizontal direction in the centre to 
the diagonal direction towards the ends. They are really tensile 
and compressive throughout, but are called tension, compression, 
and shear for convenience. We shall return later on to the 




distribution of stress in the beam. At present it is desirable to 
assimilate general facts only. 

The next point to consider will be the manner in which the 
material is disposed in the beam and the effect upon its strength. 
Suppose a unit beam, 1 in. square and 1 ft. span, loaded in the 
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centre antil it breaks, this breaking load will amount to, say, 
6 cwtB. If the bulk of the beam be doubled by iiicreasing its 
width, then exactly double the load, or 10 cwta., would be 
required to break it. It it were added to the length, by doubling 
the Bpan, then only halt the original load, or 2j cwts., would be 
required to cause fracture. If the eitra material were added to 
the depth of the beam it would require a load of four times the 
original amount, or 20 cwta., to break the beam. Placing these 
results together for better comparison, thus : — 



Bmltlu 


DBplb. 


LMEtt.. 


,„,..„ U-. 


lin. 


lin. 


12 ins. 


6 ewtB. 


2 ,. 


1 „ 


12 „ 


10 „ 


1 „ 


1 „ 


24 „ 


2} „ 


1 „ 


2 „ 


12 „ 


20 „ 



It will be seen that the strength varies directly as the breadth, 
inversely as the length, and directly as the square of the depth. 
If ordinary fir had been taken, instead of specially selected 
material, the load to break the unit beam, given in the first line 
of the table, would have been probably SJ cwta. 

The results of our investigations, so far, ahow that the strength 

of a fir beam may be indicated by the formula fV = -^, where 

H'= ultimate breaking weight in cwts. in the centre, c := constant, 
or load to break unit beam — 85, b = breadth of beam in 
inches, d = depth of beam in inches, L = clear span of beam 
in feet. Example: Bequired, the breaking weight in the centre 
of a fir beam, 6 ina. broad, 1'2 ina. deep, and 15 ft. span. 



Wz 



cbcP 



3-5 X ( 



15 V 



1-6 cwts. 



When the load is spread uniformly along the beam it requires 
exactly double the amount to produce the same result, or 
201'6 X 2 = 403"2 cwta. will now be the breaking weight ; but one 
does not want to break the beam except aa a special test. In the 
ordinary way the beam is required to carry a toad safely, and to do 
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this it is necBBBary to rednoe the load to a fraction of the breaking 

weight, each as -=, which is then called the factor of safety ; or 

BomedmeB it iB pat the other way round, and the factor of Bafet; 
ia said to be 7. Thus the safe distribated load in cwts. on the 

beam would be = ^-j^ X =, or putting figures for the constant, 

— f — X =, bat the figures cancel out, so that if we put W for 
Bate loads in cwts. distribated, we have the simple formula 

«" = ?• 

cwts. on a fir beam, 14 ins. deep, 9 ins. wide, and 14 ft. span, 

^. = ^ = ij<y! = ii,6cwtB. 

J-i 14 
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TEANSTEHgB StRRNOTH OP TtUBEB — SiPB LOACS ON FlOORB — 

DssiaNiNO Flitchbd Bbams 

The formulte given in the previous chapter, and any aiinilar 
formula, caa be transposed bo that, any one item heing unknown, 
it can be readily found. For example, it is required to know 
what depth a fir beam should be to carry a distributed load of 
1 J cwts. per foot run nhen it is 3 ios. wide and the span is 12 ft. 
Then 

or, by tranapoBition, d* = ~T"' 

this being effected by multiplying both sides of the eijuation by L 
and dividing by b, cancelling where the same letters occur above 
and below the division Uue. Putting figures for the letters and 
taming the load per foot run into total load by multiplying it by 
the 12 ft. span, wa have 

« _ U X 12 X 12 _ 216 _ _. 
^ - 8 - - "s" - ^2- 

and the square root of 72 is approximately 6j, which is the 
required depth in inches. 

More difBeult questions may be worked with a little considera- 
tion. For esample, it is required to know over wb&t span a 9-iii. 
by IJ-in. scaflbld board will safely carry a man weighing 168 llja. 
Now, a live or moving load, applied suddenly, may be assumed 
to cause double the stress that an equal dead load would do, so 
that W must be taken as if it were 
168 X ! 



By transposition, 



112 
L = 



= 3 cwts. 
cbd? 
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bat taking c = 8-6, as before, and factor of safety 4, will make 
tbe formula 

i-TTr= TITS = 6 9, say 6 ft. 

The factor of safety will depend npon circumBtances ; it is an 
allowance chiefly for unforeseen contingencies, and timber is 
subject to knots, shakes, and decay ; so that a factor of safety of 
4 ma; be looked upon as the least that can he allowed in any 
case. A table for general use may be drawn up as follows : — 

Faoxobb op Sapbtt fob Tihbsb. 

For temporary nse 4 

Permanent ase onder cover . . 7 

Permanent nse exposed to weather 10 

Stress in one direction only . . 10 
Equal alternating atresaes . .16 

Variable with shocks .... 20 

The constant c used for timber will vary with the kind of timber 
employed ; it is approximately the load in cwts. in centre required 
to break a unit beam 1 in. square placed on supports 1 ft. apart, 
bat it may vary 60 per cent, in any given case owing to the 
variable nature of the material. The following is a summary 
showing the constant adopted for timbers in general use. 

COHSTAHTS FOB TiMBBE. 

Being c in the formula W = -j- ; 

8 for greenheart ; 
6 for ash ; 

6*5 for American elm ; 

6 for English oak, pitch pine, teak, mahogany ; 
4*6 for beech, jarrab, kauri pine ; 
4 for Baltic oak, Dantzic, Memel ; 
8'6 for sproce fir, larch, Riga ; 
3 for English elm. 
There is a very simple role in use by architects for the scant- 
lings of floor joists for dwelling houses and ordinary buildings. 
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viz., half the span in feet plus 2 gives the depth in inches, and 
the thickness is about one-third of the depth. For example, 

with a clear span of 14 ft., we have -^-{-2 = 9 ins. aa the 
depth, and 3 = 3 ins. the proper thickness. Speculative builders 

will, of course, use amaller scantlings than this, but nothing leaa 
should be used in good work. Warehouses will require special 
consideration. The load provided for is made to vary with the 
class of building, and the following may be taken as average 
amounts. 

Safe Loads om Floobb. 
Dwelling houses, upper floors . . J cwt, pet ft. super. 
Dwelling bouses, principal floors .1 „ „ 
Churches and public buildings . . IJ ,, ,, 
Warehouses and factories . . 2^ to 5 ,, „ 

Where the floor construction is of a heavy character, as with 
pugging in wood floors, and all fire-resisting floors, the weight 
of the floor must be allowed in addition to the foregoing. 

In designing a floor the thickness of the boards will theoreti- 
cally depend upon the distance apart of the joists, but practically 
the joists are almost invariably 12 ins. apart, and the boards 
are made of a thickness just sufBcient to withstand accidents 
and to suit the pocket of the builder : for warehouses a surplus 
thickness is allowed for wear. Taking 1 cwt. per ft. super as 
the load, and 12 ins. apart for the joists, the calculated thickness 
necessary for the boards would be 

. IWL /FxT .„„„ 

or only a trifle over J in. ; but a concentrated load of 1 cwt. 
might come upon a single board 7 ins. wide at the centre 
between two joists. So that a more correct calculation for the 
floor boards would be 

or a trifle over \ in.; while generally they are not made less Iban 
g in. for upper floors and | in. for principal floors, but in better 
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1 



clftBH work they may be found f in. and 1 in. respectively. Tl 
proper size of joista for any given case may be calculated froi 
theformola ^,^^, 

W being the load in cwta. per foot super, s the spacing of joifl 
in mehes from centre to centre, and the other letters as befoi 
For example, a floor ia to carry IJ cwts. per foot super, the joia 
to he 16 ft. span and 15 ins. from centre to centre. Then 

Suppose the depth to be fixed at 9 ins., the necessary thiokne 
400 



willb 



be 



400 



9"" 



= 5 ins., or, if the depth be 11 ias., the thickness w 



— j j _ og. In timber work it is always necessary to consid 
the market sizes ; therefore, in the present case, it would pi 
bably be taken as 9 ins, by 4} ins. or 11 ios. by 3 ins. T 
latter would form a stiffer floor, although the strength would 
about the same ; but the former would save 2 ins. in the thi< 
nesB of the floor and in the height of the walls. The strength 
timber varies as the square of the depth, but the stiffness vari 
as the cube o! the depth, so that when stiffness is required ib 
desirable to have the depth as great as possible. 

The allowable deflection of floors in order to avoid t 
cracking of ceihngs is ^ in. per 10 ft. of span, or ^^ of the spi 

fV. 

The deflection of timber is given by the formula D^—^ 

where D = deflection in centre in inches, W = load in en 
in centre, ends supported, c — constant = teak 50, Quebec c 
40, fir and deal 33, Dantzic oak 27, pitch pine 26. The prop 
tionate deflection tor a given span, according to the conditi< 
ol loading and supporting, will be as follows : — 




GOMFAOATIVE DeFLECTIOK UNDBR BAUS TotU. LoAO. 

Supported both ends, load central ^ 1 

„ ,, load distributed ^ ^ 

Fixed one end, loaded the other == 16 

,, load distributed 
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When timber is reqalred to be aaed in a large eize, as for a 
bressommer, it is desirable to cut it down the centre, reverae 
one piece end for end, and bolt the two pieces together with 
tbe oat Borfaces outside. This equalises the strength, promotes 
&6 Beaeoning, and by potting the heart wood outside reduces 
Ui6 chances of decay. The pieces when so cut are called 
"flitchea," and the bolted beam would be a flitched beam. 
Fig. 11 shows a hall elevation of the complete beam and 
Fig. 12 the section. Theoretically the strength is not altered, 
and the formulffl already given may be ased in calculating the 
eafe load ; but practically the risks of failure are reduced, so 
that if great economy were required, the factor of safety adopted 
could be smaller. Beams of this character are generally made 
Boitable for carrying heavier loads by the insertion of a steel 
flitch plate. 

In order to exemplify the designing of flitched beams it will 
be well bo consider the case of, say, a flitched beam of Memel 
fir with a steel plate, to carry 8 tone distributed over & clear 
span of 14 ft. The weight of the&nished beam should be allowed 
for, and this will be about 

WL _ B X 14 
120 120 ' 



■93, say 1 ton. 



A ofiefol approximate formula for a flttehed beam of flr and steal 
with a distributed load is 

L ' 
where \V = s&fe total load in cwts. distributed, b and d — 
breadth and depth of timber in inches, ( = thickness of flitch 
plate in inches, L = span in feet. In this cose 

It" = 9 X 20 = 180 cwtfl. and L=U ft. ; 
therefoT« tf C- + 70 = 180 X 14 = 2,520. 

Try d = 12, 6 = 12 for total breadth of timber only, then the 
necesaary thickness of flitch plate will be 

12 X 12 (12 + 7r) = 2,520 or 1,728 + 1,008( = 2.520, 
or 1,008£ = 2,520 — 1,728, 

whence ( = ^Sh = 0% 
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TRANSVERSE STRENGTH OF TIMBER 13 

for which a ^ in. plate = -8125 will be suitable. To prevent 
the b«am trom rocking on the edge of the plate by the shriaknga 
of the timber, it will be oecesaarj to increase the depth of the 
timber to, say, 18 in., which is the size Memel usually runs to, 
and using a whole timber the width would also be 13 in. 
The design can be checked by another formula, viz., 

W = ^ (c6 + 420, 

where R' = breaking load in cwts. in centre, b and d = breadth 
and depth of timber in inches, c = constant, say 3'5 for fir, ( = 
tbickntag ol steel flitch plate in inches. Taking the dimensions 
deduced from the previouB formula 

^ ~ l4 *^'® X 13 + 42 X -8126) ; 
bat to be correct, as the flitch plate is not so deep as the beam, 
in mnltiplying out we must make the allowance for the difference, 
thus 

IV = ^j^ X 3-5 X 13 + ^^^ X 42 X -8125 = 549 + 951 

= 900 cwtB. 
breaking load in centre. Divide by 10 for factor of safety ~ 
90 cwts. safe load in centre, and multiply by 2 for distributed 
load = 180 cwts. = 9 tons safe load distributed, which is exactly 
what we have to provide tor. 

In most books the instructions terminate here, but in practical 
designing there are a few other points to consider. The working 
pressure upon the bearing area for fir must not in any circum- 
stances exceed 250 lbs. per sq. in. The load at each end 
will be 

?^<^° = 10,060 lb.., 

then ^ ^gg^ = 40*3 sq. ins. bearing area required, but the width is 
18 ins., therefore the length of beam on the bearing surface 

mtiBt be at least --^ = S'l ins., and in practice 4^ ins. would 

bo llie minimum allowed— not so much to reduce the pressure 
on the timber as to carry the load a Uttle further in from the 
edge of the bearing surface ; in fact, it would be an advantage 
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to give a length of bearing of 9 ins. There ia no general rule 
for the eize or spacing of the bolta ; they are left to indiTidoal 
judgment. The; should not be nearer than 8 ins. to the edge 
of the timber nor less than f in. diameter, and asaally | in., 
two in a vertical line at each end and others placed zigzag about 
18 ins. to 2 ft. apart throughout the length, avoiding, if possible, 
the placing of a bolt on the lower side in the centre, as that 
would weaken tbe beam. All holes in steel plates should be 
drilled, as punching stars the hole and damages tbe plate, and 
holee cannot be pnnched unless they are about ^ in. larger in 
diameter than the thickness of the plate. Fig. 18 shows a half 
elevation of the completed beam, and Fig. 14 the sectioQ. 

It is important that the bolts in a structure should be properly 
proportioned and fixed. Too often one sees the nnts so thio 
that there isevery chance of stripping the thread when tightening 
up ; and many carpenters think that a washer is only required 
under the nut to prevent tearing the fibres of the wood in 
screwing up, whereas washers are required under both head 
and nut to spread the pressure over a greater area and reduce 
the risk of crushing the fibres and working loose. The following 
table gives the standard proportions tor bolts and nuts for all 
purposes where timber is concerned : — 

Pbopoktionb of Bolts in Garpentbt. 
Threads per inch (Wbitworth) : j in. = 12, f in. := 11, | in. 
= 10, J in. = 9, 1 in. = 8, IJ in. = 7, IJ in. = 6. 
Thickness of nut = 1 diameter of bolt 

» head — | „ „ 

Diameter of head or nut over sides = If „ „ 

Side of square washer for fir = S^ „ „ 

„ ,, „ hard wood 

or when let in flush in fir = 2J „ „ 

ThicknoBB of washer — ^ „ „ 

The nearest ^ in. may be taken in any of the measurements. 
The length of a bolt is usoally taken ae the distance from the 
underside of the head to the point. The " wood measure " or 
" grip " of a bolt is the distance between the washers when the 
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□ut is folly on the bolt. The screw thread shoald continue at least 
one diameter further dovn the shank than would appear to be 
required in order to allow for the shrinkage of the timber. 
Fig. 15 shows the elevation and Fig. 16 end view of a standard 
boU with nut and washerB. The dimenBions are given in 
fractions of the diameter, bo that they apply to all cases. For 
example, if a | in. bolt be wanted, thioknesB of nut = 1 diam. 
= I, thickness of head = | diam. | X | = ^ in., width over 
sides If diam. = 1| X | = ^ X M = lA in- " 1-21876 or 
practically 1^ ins. and bo on. 
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CHAPTER III 

DiBTRIBUTlOH OF StRRBS IN BbAUS — BeNDIKO MoHBNTS AKD 
ShBAB StBBSBKS-^TbAKSTBBBH STBENaTH OF TlUBBB 

It will now be necessary to go a little more deeply into the 
qaeation of the distribntion of Btreas in beams. The simplest 
case that can be taken is a oantilever loaded at the end, as 
Fig. 17. It is easy to see that this acts like a lever, and that 
the stress upon the beam increases in proportion to the distanoe 
from the load, bat the process involres two distinct Bets of 
things, covered by Newton's third law of motion, " action and 
reaction are equal." There is, first, the action of the load in 
producing various intensities of stress at different parts of the 
beam, and then the reaction of the fibres in resisting the stress 
depending upon their area and position. At present we will 
deal with the first of these, as regards the longitudinal stresses 
of tension and compression and the transverse stress of ehear. 
The loads on a beam produce what are called bending momenta. 
A bending moment is like all other moments, in being the pro- 
duct of a force into a leverage, and in the case of the beam 
whatever cross-section be considered, the forces, whether loads 
or reactions, tend to turn the end of the beam clockwise or anti- 
clockwise round the section. The bending moment at the section 
is the algebraic sum, that is, the arithmetical difference of the 
clockwise and anti-clockwise moments. The longitudinal 
stresses are not bending moments, but are measured by 
them. It is only necessary to divide the bending moment at 
any point by the effective depth of the beam to obtain the 
total stress of tension or compression at that point, and that 
again divided by the effective area above or below the neutral 
axis gives the intensity of the streas. 

In a cantilever loaded at the end the bending moment at any 
point is the distance from the load to that point, multiplied by 



(ibyGoOt^Ie 



DI8TRUDTI0N OP STBESS IN BEAMS 



IT 



^ 



« 



T 




ths load. If X be the distance of the point from the support the 
bending moment will be W(L — x), and the bending moment 
will be a maximum at the support = WL. Fig. 18 shows n 
graphic diagram of the bending moments on a cantilever loaded 
at the end. Tbts being drawn to scale and placed directly under 
the cantilever the bending moment at any point can be easily 
measured on the vertical ordinates. The thick line shows the 
theoretical beam, aa the result is quite independent ot the 
material of the beam or its construction, whether solid, rect- 
angular, or circular, or hollow, or 
flanged. Fig. 19, in the same way, 
shows the shear diagram. Shear 
diagrams are, as a rule, very easily 
set off. At the support the shear 
stress is equal to the reaction, or 
the amount of load borne by that 
support, and in a cantilever the 
whole load comes on the one sup- 
port, therefore the shear stress is 
equal to the load. Then passing 
along the beam, whatever the 
nature ot the loading, the shear 
stress is reduced by the amount of f«J- 17.— CantUever loaded at end. 

load passed. In the cantilever the 

load passing through the beam 

remains the same up to the end, where, on passing the load, the 

shear is reduced to nil, because the value at support minus the 

load reduces the shear to nothing. 

The same principles are followed in the case of a cantilever 
with a uniformly distributed load, as Fig. 20. If the load be 
divided up into portions, the bending moment produced by 
each will be calculated exactly as in the case of the concentrated 
load ; but this would be a roundabout method, and as all the 
results would have to be added together the diagram would 
appear as Pig. 23. If the load were divided into sufficiently 
small portions the outline of the bending moments would be 
seen to be a semi-parabola, so that we may construct it on this 
principle, as shown in Fig. 21. The simplest way to oonstruct 
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the parabola is Bhown in Fig. 24, wbere the length of the rect- 
angle ia equal to the length of cantilever, and the height equal 
to the maximum bending moment. Then any number of equal 
divisions are taken along the bottom, and the same number up 
the side, vertical lines being drawn from the base, inclined lines 
are drawn from the divisions at the side to the vertex at the 
opposite end, to intersect the vertical lines and give points in 
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Fio. 30.— CantUeTcr with DUtri- 
buted Load. 

FlO. 21. — Bending moment dia- 
gram for Fig. 20. 

Fia. S2.— Shear diagram lor same. 



riG »4 



Fio. 23. — Distribated Load on 
Cantilever taken in aeparat« 
portions. 

Fia. 21. — Construction of Para- 
bola. 



the parabola, which points being joined b; a curve the whole 
outline is obtained- A distributed load is generally given as 
so moah per foot run = w, and as the centre of gravity of a 
distributed load on a cantilever ia only half the distanoe from 
the support ' the maximum bending moment will be \ (toL) L = 
\ wl?. The shear diagram follows the rule already laid down, 
and will, therefore, commence at the support = vih, reducing 
by w as each foot is passed, and giving a triangular outline. 
With several detached concentrated loads the principle shown in 
Fig. 23 would be followed. 

In the case of a beam supported at the ends and loaded in the 
centre, as Fig. 25, the bending moment diagram will be as Fig. 

26, with a maiiTnn"! of -7— immediately under the load. The 
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shear diagram will be as Fig. 27, commencing with + J W on the 
adge ol lelt-hand sapport, then remaining constant until the 
load ia reached, when it reduces by the amount of load and 
beoomea — i W. The + and — are merely useful conventions, 
and there is no real difference in the shear stress, which is equal 
OD each side of the centre. With a uniformly distributed load 
OD a beam supported at the ends, as Fig. 28, the bending 
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Fia. SS. — Boun eitppoMed st ends 

ftud loaded in centre. 
Flo. M, — Beniliog moment dingnui 

for Fig. 2S. 
Fia. 37. — Shtai diagram (or same. 



Flo. 28.— Beam supported at ends 

with Distributed Load. 
Fio. 29. — Bending moment diagram 

for Fig. 38. 
Fid. 30. — Shear dingmni for same. 



moment diagram will be parabolic, as Fig. 29, the maximum being 

—^ = —Q-, and therefore only half of that produced by an egual 

concentrated load. The shear diagram, (instructed as already 
explained, will be as Fig. 30, showing that there is no stress in 
the centre, while the maximum is at each support = \wL = 
j FT, the same as was found with an equal concentrated load in the 
oentre. With a uniformly distributed load, and also a concen- 
trated load, as Fig. 81, the two bending moment diagrams may 
be combined, as Fig. 32. The concentrated load being out of the 
oeotre, dividing the length into x and ,v, the maximum bending 

momeDt due to that load will be W I  . ■-). The shear dia- 

\^ + !// 
gimm. Fig. 33, looks rather peculiar, but is constructed as before ; 
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the mazimam occurring at left-hand support will be J wL, due 
to the distributed load, + W (^r — )> ^"^ *o *^^ concentrated 
load, being the reaction at the support. There are two remark- 
able properties in the relationship of the bending moments and 
shear stresses which should be observed and tested. They are, 
first, that the bending moment is at a maximum value where the 
shear is at a minimum, and vice vend ; and second, that the 
bending moment at any point is equal to the area of the shear 
diagram from left-hand abut- 
ment up to that point, bearing 
in mind the plus and minus 
values. Figs. 29 and SO are 
easy examples to teat in this 
way. 

Now we must turn to the 
other side of the question, and 
deal with the resistance set up 
in the beam. For this we 
must know the shape of the 
beam, and may take first a uni- 
eods with form solid rectangular section, 
ncentrated ^s Fig. 85. Draw two diagonals 

FIO. 33,— Bending moment diugram for by joining the opposite COr- 
Fig. 31. ners, and put shading hnes 

Fig. 33.-8he«r diagram tor Bame. ^^^^^^ ^^^ ^^^^^^ triangles. 

Then, remembering that the longitudinal stress is greatest at the 
top and bottom surfaces, and reduces to nothing at the neutral 
axis, the shaded portion may be looked upon as giving by its 
horizontal width at each part the comparative value of the stress, 
or it may be looked upon as giving the amount of material 
in use if it were all equally stressed ; with this in view it is some- 
times called the inertia area, i.e., the area of effective resistance. 
The " moment o! inertia " is the summation of the areas of all the 
individual fibres or parts in the eross-aection of a beam multiplied 
by the squares of their distances from the neutral axis, 7 — Z ay^. 
Taking Fig. 35, the moment oE inertia of the section is i' ^1 -1- 
dag where D and d are the depth above and below neutral axis, 
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A and a the area o( each shaded portion, O and g the distance of 
centra of gravity of each from neutral axis. It will be seen that 
DAQ + dag = Z D A O, and using b and d for breadth and 
depth of beam the moment of inertia may be given ia terms of 




FlO. 34. — Oraphic diagram o[ bending oioment and 



the dimeneions, then, 2 DAO =2 X id X Jferfx ^ (^ d) = 
rr^, which is the moment of inertia for any reetangiilac section. 
If the moment of inertia of a section be divided by the depth 
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FlO. 36. — Distribution 
Longitadiual Stretw io Re 
angular Beam. 



PiQ. 38. — Diatribntion ot 



from the neutral axis to the top or bottom, which is generally 
known as y, it will give the " section modnluB " Z, or - = Z. 

But J = il rf, therefore Z = 1 9 " O i j = i '"^' The section 
modulus may be described as the resistance-value of any 
section depending upon the area and the disposition ot its 
parts. 
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Now as regards " the extreme fibre stress." Theoretically this 
is equivalent to the maximum stress in tension or compression, but 
it does not coincide either with the tensile strength or with the 
compressive strength, and its value varies with the form of the 
cross-section of the material. Several theories have been pro- 
pounded in explanation of this peculiarity, though none of them 
is entirely satisfactory. Raukine assumes one cause to be the fact 
that the resistance of a material to direct stress is increased by 
preventing or diminishing the alteration of its transverse dimen- 
sions. He also suggests that when a bar of metal is torn asunder 
the strength indicated is that of the centre part, which is the 
weakest, whilst when it is broken transversely the strength indi- 
cated is that of the outer part, which is the strongest. In the case 
of timber it is suggested that the lateral adhesion of the fibres 
prevents the outer ones from moving freely, and hence in all 
oases the actual esti'eme stress is considerably Ie?s than it appears 
by calculation. In any event, the difference really exists, and 
instead of determining the modulus of rupture from the tensile 
and compressive strength, it can only be found by actual experi- 
ment on cross -breaking. The modulus of rupture for transversr 

WL 
strength is C in the formula —r-- = ZC ( W^ being in lbs. and L 

in inches) ; while c in the formula W = — p {W being in cwts., 

b and d in inches, and L in feet) may be called the coefficient of 
traneverie strength. The values of c have already been given ; 
those for C are given in the following table, and are applicable 
to a beam of any section, the effect of the form of section being 
provided for hj Z : — 

Moduli of Rupture for Transveksb Stkkngth (C), 




Ash . . . 

Beech 
Chestnut . 
Deal, Christiania 
Elm, Canadian . 

„ Enghsh 
Fir, Baltic . 



12,000 to 18,000 lbs. 

9,000 „ 12,000 „ 

— „ 10,600 „ 

— „ 9.370 „ 

— „ 14,490 „ 
4,700 „ — „ 
4,900 „ 10,000 „ 
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Fir, Sprues 


9,000 to 12,300 lb 


Greenbeart. 


16,600 , 


27,.'>00 „ 


Larch .... 


5,000 , 


10,000 „ 


Mahogany, Honduras . 


11,500 


12,600 , 


Maple . . . 


— 


10,180 , 


Oal, Quebec 


10.000 , 


12,600 , 


„ English . 


9,600 


13,600 , 


Kne, red . 


7,000 


10,300 , 


„ white. 


7,400 


— , 


„ yellow 


7,100 


8,460 , 


„ DnnUic 


8,660 


, 13,800 , 


„ Memel 


8,000 


, — , 


„ pitoh. 


— 


, 14,090 , 


.. Riga . 


8,S0O 


, 9,460 , 


Teali . . 


12,000 


, 19,000 , 



In general, C = I8c X 112 ; C is the Bo-called extreme fibre 
Btreas = K ol Moleswortb, k of Tredgold, and /of other writers, 
and c, as before stated, is the weight in cwts. in centre recgiiired 
to fracture a bar 1 in. square and 1 ft. long. 

A useful comparison of the various values may be made in the 
case of cast iron, as follows : — 

Average teneite strength per sq. in. = 16,500 lbs. 

„ compressive strength per aq. in. = 99,000 „ 
,, resistance to shearing per sq. in. = 27,700 „ 
„ modulus of rupture (C) per sq. in. = 44,000 „ 
CoefBcient of transverse strength (c) = 2,445 „ 

It should be noted in the case of cast iron that C varies from 
the average tensile strength in flanged beams to 2^ or 2^ times 
that amount in rectangular beams. The moment of resistance of 
the section is dependent upon the area of the section, the disposi- 
tion of its parts, and the strength of the material measured by the 
Bo-called "extreme fibre stress." Then the relationship of the 
bending moment to the moment of resistance is shown by the 
following equations, where any manner of loading may be 
taken ; but, for example, we will take a concentrated load in the 
centre. 
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Bending moment = Moment of resistance. 
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This can be transposed in varioua ways as W = —f~ ,orC = 
— j-Tj— . If we adopt the principle of leverage the relationsbip 

of bending moment and moment of resistance can perhaps be 
shown more clearly. The two sets of forces, as shown in Fig. 34 
form two " couples," a couple consisting always of two equal 
parallel forces, and the value of a couple in mechanics is one of 
the forces multiplied by the distance between the pair. There- 
action at the support, and the half load transmitted through the 
beam to that support, form the bending moment couple and the 
resistance to tension and compression acting at the centre of 
gravity of each form the moment of resistance couple, thus 

whence ~j^ = J bd^C 

as previously shown. The shaded portion of the section, which 
we have previously called the inertia area, is sometimes known 
as " the modulus figure," as it is the graphic representation of 
I the section modulus Z. 

I The shear diagrams already shown give the whole shear across 

' any section, but the shear stress is not distributed equally 

I throughout the section. Fig. 36 shows the distribution through- 

out a rectangular section. If the horizontal lines in Fig. 85 he 
looked upon as dividing up the shaded portion into individual 
parts, then the shear ordinate in Fig. 36, opposite the bottom of 
tbe first part, will be equal to the area of that part ; the next 
shear ordinate will be equal to the combined area of the first and 
' second part, and so on to the neutral axis. Below the neutral 

axis the area of each part will be deducted, so that the shear 
stress is zero at top and bottom of the section, giving a parabola 
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for outlina It can be proved mathematically from this diagram 
that the maximum shear at the centre of the Bection is 1} times 
the mean shear, that is, the total shear across the section being 

I, tiiie mean shear will be r-j and the maximum shear per sq. in. 

will be -TT- It will thus he seen that the longitadinal stresseB 

are at a maximum at the top and bottom snrfaces where the 
shear is zero, and that the longitadinal stresses gradually reduce 
to zero at the nentral axis, while the shear increases to its 
mazimam at that layer, and that the whole of the fibres are thaa 
doing approximately uniform work. 
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Intestioation of Stresses in Lean-to Roof — Loads on Roofs — 
Tensile and CoMFREssn'E Strenoth of Tiubkr 

It is an unfortunate fact that the simplest roofs structurally 
are the most difficult fortUB to deal with when the stresses have 
to be determined. It is not until we reach the framed truaees 
that we find the work of calculating the stresses at all easy. 
The difficulty can be approached gradually if a commencement 
be made with a simple rafter as a lean-to roof (Fig. 37). With 
tile or slate battens fixed at the usual distance apart, the load 
may be taken as equivalent to a uniformly distributed load 
attached to the rafter. There will be less tendency to slip down- 
wards and cause thrust on the wall if the bearing surface at each 
end is cut horizontal as shown, but there will still be a thrust. 
Each individual portion w of the total load K" will act as shown 
in Fig, 38, but the whole load W will be the sum of the portions 
w : therefore, in Fig. 38 W may be substituted for it\ with the 
result that the load acting perpendicularly to the ratter will be 

V3 
W cos 30° = H" X ~H-, and the thrust along the beam at the 

foot will be W sin 30° = W x ^. Now, if we had a horizontal 
beam of span S with the same load U", we should have the 

maximum bending moment -77^. Calling L the length of the 

rafter. ^ ^ g .^^ 30° = 5 X ^ 



V3 
but the load acting perpendicularly to the length of rafter is 

v'3 
H" X -5-. so that the maximum bending moment on the inclined 



as with a beam of the same horizontal span. 
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There is still the thrust to take account of before we cat 

I determine the necessary dimensions of the rafter. The t 

will tie nil at the top and increase in proportion of w sin 30° for 

each intervaJ passed, until the bottom is reached, when it will 

be = IF" sin 80° = W' X J. Assume the horizontal span to he 




St. — Section through Lean-to Roof, 
" Fio. 38.— Vertical Load producing Thrust and Cross Htrain. 
Fio. 39. — Bending Uorocnt and Direct Thrust diagram tor Fig. 37. 



400 lbs., then ] 



. 6 ins., and the whole load on one rafter to 1 
the maximum bending moment will be 

i!^ = i°ii^iAi? = 4,500 ib.-i 

at the centre of the rafter, the remainder of the rafter belns 
under varying bending moments given by the ordinates to t 
parabola in Fig. 89. The thrust will be given by ordinates to the 
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W 

triangle in Fig. 99, the moximam being at ttie bottom = -^ = 

200 Ibfl. It is asefal to show these against the same thick line 
representing the rafter, bat they cannot be measared together as 
they are in different onitB. 

The combination of a bending moment and a direct thrnst is a 
simple mathematical operation, but it will be worth while to 
make a slight digreBsion to explain the matter graphically. 
Fig. 40 showB by the shading the equivalent area tor uniform 
compression and tension, marked -)- and — , due to the bending 
moment. Fig. 41 shows to the same scale of intensity the 
equivalent compression area due to the direct throat. Then 





Fio. 10.— Are» tmder Stress by Bending Uomeat. 
Fio. 41. — Area under Btress by Direct Thnuc. 
FlQ, 4 a.— Combination of Figs. 40 Mid 41. 

Fig. 42 shows the algebrsic sum of the two previous diagrams, 
the compression of Fig. 40 being increased by that of Fig. 41 
and the tension reduced by the same amount. By the mathe- 
matical method we have the direct thrust portion represented by 

W M 

-J, and the bending moment portion by -^, the complete formula 

being -j- ± 7'> ^^ + value, or sum, giving the maximum com- 
pression in Fig. 42, and the — value, or difference, giving the 
maximum tension. The maximum stressea will occur in the 
centre of the rafter, and, assuming the section to be 4 ins. by 

± 1 /Q y 4}\ = ^i i fi^^ = B70'83 lbs. per sq. in. compresaion, 
and 664*16 lbs. per sq. in. teneion. 
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As the stresses in such a rafter under the same load per foot 
run. Bad at the same pitch, will vary approximately with the 
squaxe of the span, ne maj take the calculations just made as a 
Btandard, and, say, b<P varies as 5^, or 8 X 4* varies as 7*5', which 

gives a ratio of -.^ = kc-ae. = ^^7 ?• Then, for a span of 
10 ft., M^ = 10* X ? = 85-7, which would be given approxi- 
mately by 3 j LOB. by 5 ins. ; and for any other span, in the same 




Fib. 13. — Forces and ReixcticrtiB at Ends of Rsitter. 

Wftjt six-flevenths of the square of the span in feet will give the 
prodact of the breadth by the square of the depth for the 
required rafters. 

8o far, the effect of the load on the rafter only has been con- 
sidered, but it is necessary to follow the matter a little further 
and ascertain ho^v the supports are affected. This will be best 
worked graphically aa in Fig. 48. Set np the whole load 
vertically at the upper end of the rafter to any given scale ; coo- 
etruct the triangle of forces by adding lines parallel and per- 
pendicular to the rafter. Of the whole load perpendicular to the 
rafter half will act at the top and half at the bottom. Produce 
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the lina through the top support, and cut it off equal to the half- 
load 173*2 Iba. ; then complete the parallelogram, and it will be 
found that the horizODtal thrust on the support will be 86"6 lbs,, 
and the vertical load on the support will be 150 lbs. At the 
bottom end of rafter there will be two active forces, viz., the 
200 lbs. thrust and 173'2 lbs, perpendicular force similar to the 
top. Produce these through the point of support and combine 
them into a parallelogram of which the diagonal or resultant will 
scale 264*5 lbs., which is the combined result of thrust and load 
on the lower support. This may now be resolved into horizontal 
and vertical directions els shown, giving 86'6 lbs. horizontal 
thrust at bottom, the same as at top, and 250 lbs. vertical load, 
which, with the 150 lbs. supported at the top, makes the whole 
load of 400 lbs. carried on the rafter. The load of 400 lbs., 
which has been taken, is more than the actual weight of covering 
in order to allow for the effect of a high wind without complicating 
the calculations. 

In dealing with a pent- or span- root consisting of a series of 
pauTB of rafters without any tie or collar beam, the conditions 
will be very similar to the last, with the addition of a thrust at 
the ridge down each rafter from the other one. Before proceed- 
ing with an example of this, it will be well to consider how the 
load upon a roof is made up, measuring the sloping surface for 
area. 



De4d Load on Boofs. 



Slating, ordinary . 

Slate battens .... 

Slate boarding 

Tiling, plain, including laths . 
» pan „ „ 

„ Italian (ridge and furrowj 

Corrugated iron, 20 W.G. 

Lead, including laps (7-lb. lead) 

Zinc, 14 gauge 

Lath and plaster ceiling . 

Ceiling joists . , . . 

Common rafters 



8 lbs. 
2 
3 
18 



r 
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Snow, to be allowed when the wind is taken 

less than 28 lbs. .... 

Wind, average force perpendicular to 

plane when Bheltered 

,, „ partially sheltered 

,, ,, exposed 

,, „ EQuch exposed 

Parlins and truaeea (wood) 

„ „ „ (iron) 
Or more accurately tor iron and steel =: '75 (span ft.)*. 

If we double the arrangement shown in Fig. 37, making the 
joDction as shown in Fig. 44, we shall have an ordinary span 
roof with a clear span of 15 ft. The dead load may be taken 
ttom the table as follows : Slating, 6 lbs. ; battens, 2 Iba. ; 
rafters, 8 lbs. ; total, 13 lbs. ; wind on one side, 28 lbs. The 
length of eaeh rafter will be 

= 8-66 ft.. 

and the distance from centre to centre may be taken as 15 ins. = 
1-25 ft.; then the load on each will be 8'66 x 1'25 X 13 = 
140 lbs. structural load, and 8-66 X 1-25 X 28 = 303 lbs. wind 
on one side. Take first the eEfect of the structural load. It ia 
clear that, apart from any added effect due to the pressure of one 
rafter against the other, there will be stresses similar to Fig, 39, 
substituting the loads of 140 lbs. instead of the 400 lbs. there 
taken, making a bending moment in the centre of each ratter of 
140 X 7-5 X 12 , ^^, ,L : J ,!.„.„, ., 140 



1 



Looking at Fig. 4S, it will be seen that I 
rafter is at the apex, 

W 



140 X 



3 load normal to each 



60-62 Ihs. 



The wind ma; be taken on, say, the right hand side, half at the 
top and half at the bottom = ^^ = 15r5 lbs. Then, adding 
ihis to the amount already on the right-hand side at the top, we 
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have 60-62 + lSl-6 = 212-12 lbs., while on the left there is 
only the 60*62 lbs. Combioing these into a parallelogram, as 
shown inFig. 45, wehavethe resultant, 248*05 lbs. Tr&nsferrii^ 




Fia. 44.— Junction of Rafun tt Bidge ot Pent Roof. Fio. 45.— FoKM and BncUom 
at Bidge. Fio. 16.— Bendlog Momenta on Rlght-hutd Bafter. Fio, 47.— Thmt 
diagram for Blebt-hand Raft«r. Fra. 48. — Bendjug Uoment diagram for Left-hand 
Rafter. FlG. 49.— Tbruat diagram for Left-hand Rafter. FlO. 50.— FotCM and 
Reaction* at Foot ot Right-hand Rafter. Fio. 61.— Forcea and Beactiona at Foot 
of Left-hand Rafter. 

this to the inside of the roof, and completing the new parallelo- 
gram by drawing lines from the extremity paraUel to each ot the 
rafters, and scaling off, we have a thrast of 190 lbs. down the 
right-hand rafter, and 278*5 lbs. down the left-hand rafter. 
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produced by the wind, in addition to the thrust produced by 
the load. 

Besides these forces, we have the bending moment on the right- 
hand rafter produced by the wind. The length of the rafter is, 
BB shown previously, 8'66 ft., and the load 303 lbs. ; the bending 
moment in the centre will therefore be 

WL 303 X 8-6 



These results may now be combined aa regards the stress on 
the rafters. For the right-hand rafter. Fig. 46, we have the 
combined bending moment of 1,575 + 3,935-97 = 5,610'97, say, 
5,511 Ib.-ins., and the combined thrust shown in Fig. 47 is 
225 lbs. in the centre. Then for the maximum stress on the 
rafter, assuming a 5-in. by 3-in. section, 

■i- ~ -i- — 15 ± 440-9 = 455'9 lbs. 



A -^ Z 15-^JX8X5« 

per sq. in. compression and 425*9 lbs. per sq. in. tension. 
For the left-hand rafter we have the bending moment diagram 
Fig. 48, with a maximum of 1,575 Ib.-ins., and for the thrust, 
diagram Fig. 49, giving 3135 lbs. in the centre. Then the 
maximum stress will be 



313-6 



: 146-9 lbs. 



per sq. in. compression, and 105-1 lbs. per aq. in. tension. 
As the wind may blow from either side, the results upon the 
rafter with the greater stress will decide whether the section 
chosen will be sufficient. 

The uUimate tensile and compressive strengths of timber are 
given in the table on page 34, and the lower values should be 
used unless special care is taken in the selection, when the 
average values may be adopted. The factor of safety will be 
taken as already given, according to the eircumstaaces under 
which it is used. 

Now we have to consider the result upon the walls. Taking 
the right-hand rafter, the thrust of 190 lbs. from the left-hand 
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Ultimate Tbksilb akd Compressive Sthenoth of Timber 




IN LBS. PER 8Q. TS. 




T>n.loo. 


C«iDpn»iOD. 


Aeb . 


12,000 to 17,000 


8,600 to 9,300 




Beech 


11,000 „ 22,000 


7,700 „ 9,300 




Chestnut . 


9,000 „ 1S,000 


— 




Deal, ChriBtiania 


12,000 


5,860 




Elm, Caaadian. 


9,200 


9,200 




„ English . . 


4,480 


6,600 




Fir, Baltic 


3,360 to 12,000 


2,500 to 5,500 




„ Spruce 


2,900 „ 12,000 


5,000 „ 6,800 




Greenheart 


8,000 „ 9,200 


12,000 „ 15,200 


I 


Larch 


4,000 „ 11,000 


3,200 „ 6,500 


1 


Mahogany. Honduras 


3,000 „ 18,000 


6,000 „ 8,000 


1 


Maple . . . 


10,600 „ 15,400 


6,000 


I 


Oak, Quebec . 


6,720 „ 12,000 


6,000 to 6,900 




„ Engliah . 


6,000 „ 19,000 


6,400 „ 10,000 




Pine, red . 


2,700 „ 14,000 


4,700 „ 7,500 




„ white 


3,360 „ 11,800 


4,100 „ 6,000 




„ yellow . 


2,000 „ 12,000 


4,000 „ 8,000 




„ Dsntzic . 


3,100 „ 10,000 


6,400 „ 6,900 




„ Memel . . 


9,400 „ 11,000 


6,600 „ 13,440 




„ pitch 


4,700 „ 12,000 


4,700 „ 5,300 




Teak . . . 


3,300 „ 15,000 


8,500 „ 12,000 


[Although these figures are compiled from the best 




authorities, they show very confiiderable variation, but 




possibly not more variation than may be found in actual 




practice.] 




rafter shown at the ridge in Fig. 45 is transmitted down the 




rafter and combined at the foot with the thrust of -„- = 70 lbs., 




as shown in Fig. 60. Then, also acting at the foot, will be the 




half of the wind pressure 151'5 lbs. + halt the normal com- 




ponent of structural load 60-62 lbs. = '212-12 lbs. Combining 




these into a parallelogram, the resultant will be found to be 




335'55 lbs., and producing this through the point of support and 


k 
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setting off the equilibrant an equal length beyond, a new 
parallelogram can be conBtrttcted by resolving the diagonal into 
horizontal and vertical reactions as shown. The left-hand 
rafter will be treated in an exactly similar manner, as shown in 
fig. 51. As the wind may come from either side, the walls 
must be strong enough to resist either pair of reactions. 
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CHAPTER V 

Elementabt Principles of Tbioohoubtby — Bboipbooal 

DiAQIUHS OF StBBBB — DbBIQNIHQ a TfinSSBD BhAH FOOIBBIIMIB 

As in these articles occasional reference will be made to the 
trigonometrical functions of sine, cosine, etc., it vill probably 
be of service to give a diagram showing their relationship. 
Fig. 51a shows a circle with the trigonometrical functions or 




FIG 51 < 
Fio. 6lA. — DiBgram ol TrigoDODtetrical Fnnctiona. 
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ratios and their vaJnes tor angles of 45 and 60 degrees. They 
are called ratios beenuse they result from the proportion of two 
parts of the triangle as follows — 



Perpendicalar 
Hjpothenuse 
Perpendicular 

Base 
Hypotbenuse 

Base 



TaiQONOSIETRICiL RaTIOS. 

Base 



= Tangent 



: Secant 



Hypothenose 

Base 
Perpendicular 
Hypothenuse 
Perpendicular 



= Cotangent 



: Cosecant 



I 



Where one of the components of these ratios is unity, the line 
marked on the circle may be called by the name of the ratio and 
simply measured off. 

This is not the place to enlarge further upon the subject of 
trigonometry, but full information can be obtained from 
*' Practical Trigonometry " (Whittaker & Co., 2s. Gd. net). 

In order not to meet all the difficulties together a slight 
digression may now be made, going hack to timber beams. A 
simple footbridge of 15 ft. span and 5 ft. clear width may be 
required, with a light handrail on each side. As it may be fully 
loaded on occasions, it is necessary to know the weight of a 
crowd of men. This has been frequently tested by experiment, 
and very diETerent results are given by the various experimenters. 

Weight op a Crowd of Mbn in lbs. per foot kofer. 



G. (i. Page . 
French practice 
American practice . 
Hatfield . 
F. Young 
T. Page . 
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Parsey . 
Naah . 
W. K. Kernot 
W. C. Kernot 
B. B. Stoney . 
L. J. Johnson 



143'1 
147-4 
181*8 



The latter results have been obtained by employing specially- 
eelficted men, packed in a way in which no accidental crowd 
could ever esist, and it will be sufficient to consider 1 cwt. per 
foot super as ample to allow for footbridges and floors where 
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the only load is a hnman one. Although it is a " live " load no 
extra allowance need be made, as no moveinent affecting the 
stresses could be made when the persons are so closely packed 
as they would be. The floor of the proposed bridge being 1& ft. 
X 5 ft., the total external load will be 15 x 5 X 1 = 75 cwts. 
Add to this an assumed load of 12 cwts. for the structure, then 

the load to be carried by each beam will be — ^ — = 43-5 cwts. 

Taking the formula for safe load distributed &b W = j^, we 

have bt0' = WL ~ 4S'6 x 16 = 662*5, and, assuming the 

breadth to be 9 ins., the depth will b- — *' 

= 8'514, or say 9 ins., making the beams 9 ins. by 9 ins. The 
flooring, placed transversely across the top of the beams, would 
generally be made 8 ins. thick without calculation, but it can 
easily be seen if this is sufficient. The clear span being 

3 ft. 6 ins., W = ^ = ^^^^ = 80-8 cwta. distributed and 



margin for wear. The whole design would then be as Fig. 62 
half elevation, and Fig. 63 cross-section. 

Now let the span be doubled, and the load will, in conse- 
quence, be doubled aleo ; then, as we have seen previously in 
the case of the comparative strength of rafters for various spans, 
the stress to be resisted will vary as the square of the span, or 
four times the stress found for the bridge calculated above. 
Doubtless timbers could be obtained of sufficient scantling for 
this purpose, but it will be instructive to adopt a new design by 
which timbers of moderate scantling can still be used. Let the 
type be a single trussed beam, as Fig. 64, with, say, 12-in. by 
9-in. beams, with cast-iron strut and wrought-iron tie rods. 
The beam is here shown in skeleton outline only, and is in the 
form known as a " frame diagram." The load is uniformly 
distributed over the beam, but for the purpose of ascertaining 
the stresses by the method described below it is necessary to 
divide the load up over the points at which the beam is 
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BOpported. Taking the load at doable that in the previoas case, 
it will be 87 cwte. on each beam, and as half the load will be 
apon each halt of the beam by the ordinary reckoning, it will 



87 



= 21*76 cwta., and two-foorths 



give one-foortb at each end = 

in the centre = 48*6 cwta., and the reactions at each end will be 
equal to half the total load = 48*6 cwts., as shown. 

The stresaes in the varioos parts of the beam could be found 
by using the parallelogram of forces, beginning at one abutmeot 




and finishing at the opposite one. There would not be mnoh 
difficulty in doing this in the present case, but it will be 
instructive to apply the method known as that of "reciprocal 
diagrams," which is used ezcluBively when more complicated 
cases have to be worked. The principle of reciprocal diagrams 
can be shown most easily by considering three forces in 
equilibrium upon a point, aa Fig. 66, where the forces are 
represented in magnitude by the length of the lines, in direction 
or line of action by their poaition, and in " sense," i.e., to or 
from the point, by the arrow heads. Now, if these three forces 
be taken in order and be made to mn concarrentlj, they will 
form a triangle of forces (Fig. 66), and the fact of the triangle 
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closing will show that the forces are in equilibrium. The 
method of numbering as indicated is known as " Bow's Notation," 
It consists in numbering consecutively each of the spaces between 
the forces in Fig. 55, each force being then known by the number 
of the Bpace on each side; thus, the first force will be known as 
1-2, the second 2-8, and the third 3-4.t This is called the frame 
diagram. Then the reciprocal diagram (Fig. 66) will be con- 
structed by drawing force 1-2 from point 1 to point 2, 
parallel to its position in 
Fig. 55. Then from 2 to 3 
will be drawn force 2-3, and 
from 3 to 4l force 3-44 The 
term " reciprocal diagrams " ia 
used because the forces that 
meet in a point in one of them 
form a closed figure in the 
other, and vice I'ersd. These 
principles hold good in every 
case. Applying the system to 
Fig. 54, the spaces will be 
numbered as shown, com- 
mencing at the left-hand side 
and working round clockwise, 
until the spaces between all 
the external forces are num- 
bered- The same procedure 
takes place with the internal 

spaces, as there will be forces of stress acting in each of the 
members. To construct the reciprocal diagram or stress diagram 
(Fig. 57) commence with the external forces, or line of loads and 
reactions, or it may be called simply " load line " 1 to 2, 2 to 3, 
S to 4, 4 to 5, and 5 to 1, the loads being 1-2 3-4, and the reactions 
4-6-1, overlapping because they are all parallel forces. The 
next point in order on Fig. 54 is 6, and, working always from 
the known to the unknown, and remembering that the similarly 
nambered lines in the stress diagram must be parallel to those 
in the frame diagram, draw 2-6 and 5-6 in Fig. 57, intersecting 
at point 6, which is thus fixed. Then 3-7 and 5-7 intersecting in 




iree Forces iu Equilibrinm. 
Correfiponding Triangle of 



I 
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7, &nd 6-7 IB then joined and found to be parallel with 6-7 in the 
frame diagram. As Fig. 56 only closed because the lines showed 
the true magnitude of the forces, the lines iji Fig. 57 will show 
the magnitude of the forces in the correspondingly-numbered 
lines of the frame diagram, and by simple scaling the amount 
of each stress may be determined. The stresses scaled off from 
Fig, 57 may now be inserted on Fig. 54 aa shown. The neit 



Mm 1 
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Fio. HB.— Bending Moment dUtrram tor Beam continnoiia over two Sp«w. 
Fio, G9.— Sbear dingnun for Beam coDtinuous over two Spans. 



step will be to determine whether the 12-in. by 9-in. beam 
will be suEQcient, and the ^st thing we observe is that, besides 
the direct stress of 180*5 cwts., there is a bending moment 
produced in each half between the centre and the end due to 
the load being distributed over it. This may be taken as 



W'L _ 48-5 X (IS X 12) 



= 978-75 cwt.-iu8. 



The length must be in inch units, becanse it is usual to take 
the section modulus in inch units. Then the direct stress and 
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the bending moment are combined into ono formula with the 

eectioD modulus, as explained in a previous chapter, giving 

IT . A/ _ m-5 £178^75 

A ^ Z ~ 12 x"3 - A (9 X 12*) " 

per aq. in. maximum compression and — 8*3 

maxim am tension. 

The ftbove is the ordinary method of working out the stresses, 
but it is not quite correct. The beam being continuous over the _ 
central support, is in the condition of a " continuous beam,'' 



= 1-2 ± 4-63 = + 5-73 cw 

i cwts. per eq. is.1 




the distribution of the loading is not strictly what appears i 
Fig, 54, The typical bending moment diagram for a bean 
continuous over two spans is shown in Fig. 58, and the corre-l 
sponding shear diagram is shown in Fig. 50. The calculations -I 
(or these diagrams are marked upon them, W being the dis- 
tributed load on one span and L the length of one span. The 
closer shading in the centre shows the reversed stresses over 
Ihe middle support due to bending, viz., tension in upper fibres 
and compression in lower, the shading lines in each case giving 
*" " lates for the measurement of the stresses. 

this it will appear that lh» proper division of the lou 
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over the three supports is ^TT', §W, -^W, aa may be proved by 

I the " theorem of three momenta," and a new diagram with this 

' division of the load is shown in Fig. 60, The reciprocal dia- 

I gram oorresponding with this is given in Fig. 61, and the 

Btressea scaled off are marked on Fig. 60, From this we can 

I now proceed to deaign the complete bridge. The maximam 

^ - J^^^ -L 978-75 

Z ~ 12 X 9 =*= J (9 X 12«) 

= 1'51 i 453 = + 6'04 cwts, per sq. in. maximum compreaaion 

and — 3'02 cwtH. per sq. in. maximum tension. These amounts 

are within safe limits; if they bad not been it would have been 

necessary to assume other dimeosiona and go through the work 

again. 

Take the tie roda next. The tensile stress in them, by 

Bcaling from Fig. 61, is 165-7 cwta. = -^— = 8-28 tons. 

"Wrought iron will stand a working stress of 5 tons per aq, 
in. on the net dimensions, and it is clear that a single rod 
would be of an unwieldy size. It must, therefore, be divided 
over two rods, each having a sufficient diameter at the bottom 
of the thread. The equation of the area to the stress will be 

(P X -7854 X 5 = ~, whence d = ^-^^^^^-^ = VPOMS 

= 1*02 ina. diameter at bottom of thread — 1^ ins. diameter tie 
rods. The half elevation and section of one beam with the 
trusaing will be aa shown in Pigs. 63 and 63, omitting the hand- 
rail, which may be similar to Figs. 52 and 53. The strut should 
be of cast iron, as shown, and the ends of the tie roda held by 
double nuts against a 4-in. by 3-in. by §-iu. steel angle. The 
close observer will find many small points for criticism — for 
example, the span in the diagrams baa been taken as the clear 
span, while the efTecbive span may be found on the average 
equal to the distance from centre to centre of bearing surfaces. 
If the rods are screwed up too tightly the beam will "hog" 
and rest on the extreme ends, whereas if they are left 
slack the beam will " aag " and rest on the edges of the 
supports. The angle of the tie roda in the frame diagrams 
will also not correspond exactly with the elevation, but the 
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difference in the stresses will be slight. Footbridges treqaentl; 
have joistB framed into the beams to keep them in their proper 
positions, and diagonal wind bracing between the joists to keep 
the beams firm ; but with care in placing neither of the bridges 
will require the additions, the spiking down of the planks giving 
snffieient stability. 
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Strbsbeb in Posts and Columns — Gobdon's Fobuuli — 
CoNTiNuons Beamb — DssioKma a Tiubbb Gaktbt 

£efoke much progress can be made in designing it will be 
necessar; to consider the stresses in posts, struts, and other 
compression members. In the case of the trussed footbridges, 
although the beams were in compression, they were prevented 
from bending by the connection of the other parts, and especially 
the fiooring, but a post or independent strut is free to bend if 




Fio. M.— Pillar fixed at one end and free at the other. 
FlCI. 65.~PilIar rounded at both ends. 
Fia. 66. — Pillai fixed at one end and roonded at the otbei. 
FIO. 67.— Pillar fixed at both ends'. 

the stress is sufficiently great. At any rate, there is an incipient 
tendency to bend which necessitates a reduction of the stress 
from what is permissible when that tendency is restricted, as 
in the cases referred to. The tendency to bend varies consider- 
ably with the nature of the end fixing, as will be seen by Figs. 64 
to 67. Fig. 64 indicates a column, pillar, or strut fixed at the 
base, and entirely free at the top. This is the condition in which 
it is most free to bend. Fig. 65 shows a column rounded at both 
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ends, bnt with the top load guided in the direotion of the arrow. 
Fig. 66 shows a column with one fixed and one rounded end. 
Fig. 67 BhowB a column with both enda fixed. The numbers 
placed against the middle of each show the comparative liability 
to bend, and the points of simultaneous fracture are shown by 
the lines across the figures. Under the term " rounded end" 
woiild come compression members with a single bolt or rivet 
through the end, and the term " hinged " is therefore sometimes 
Bubstituted tor rounded. Under the term "fixed enda" would 
come not only those that are bolted down by a flange, bnt simple 
flat ends when they are of reasonable area, and also those 
without returned ends if they are fixed by two or more bolts or 
rivets. 

The best-known formula for ascertaining the strength of 
pillars and compression members is that called Gordon's, because 
he determined the constants from Hodgkinson's experiments, 
but the formula was originally due to Tredgold. It is given in 
almost every formula book, with a varying notation, but leadinf; 
to the same result. A useful form is 

f = ultimate intensity of compressive stress in tone per 
aq. in. on a short specimen, say for cast iron 86, mild steel 26, 
wrought iron 18, oak 2}, fir lA. 

p = average thrust or compressive force in tons per square 
inch on the cross-section of the pillar, which will be the crippling 
stress when / is taken as above. 

I =. unsupported length in inches. 

d = diameter or least width in inches. 

The fraction — is usually given as-, but then the formula is 

adapted for only one class of pillar ; the present form enables any 
kind of material or variety of form or fixing to be allowed for. 

m = a fixing modulus, say 1 for both ends fixed, *2J for one 
end fixed and one rounded, 4 for both ends rounded, 16 for one 
end fixed and the other free. 

n = a shape modulus, say ^ to | for built-up sections, \ for 
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+ H L or T eeotioDB, j for solid oyliDdrical sections, 1 for solid 
reotaagalar Bections, 1^ for hoUow cylindrical seotione. 

r; = A strength modulus, say 600 times the tensile working 
strength in tons per sq. in. ; then : 









HttoilaL 


p«t e4U.n Indi. 


f- 


Fir 


i 


260 


Oak 


1 


600 


Gaal: iron .... 


li 


760 


Wrought iron .... 


6 


2,600 


Mildsteol . . . . 


n 


3,760 



The beet faobor of safety for metal pillars or strata is that 

known as Shaler-Smith's = 4 -)- '06 -j . For timber posts the 

factors already given may be adopted. 

An example of the use of the formula may now be taken, say 
a fir post, under cover, 10 ft. high and S ins. by 8 ins. cross- 
section, flat ends ; required the safe load in tons. 



P = 



, . m. (ly 1 J. 1 no X la y 19 

"^ n« \d^ "^ 1 X 250 V 8 / 



= -789 ton per sq. in. crippling load. 

Then the section being 8 ins. by 8 ins., the ultimate load will 
be -789 X 8 X 8 = 60-496, say 60 tons. Allowing a factor of 

safety of 7, the safe load will be y = 7*14, say 7 tons, without 

any allowance for natural decay beyond the factor of safety. If 
the angles of the post be chamfered, as is frequeatly done, the 
sectional area will be reduced and the carrying capacity lessened, 
but the balance of advantages and disadvantages will be in 
favour of the chamfering. 

When a post carries a beam there is usually found at the top 
of the post a stump tenon, as Fig. 68, or a short ordinary tenon, 
as Fig. 69, or a modiflcation between the two, with a correspond- 
ing mortice in the beam. The disadvantage of Fig. 68 is that. 
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after the post is fixed, it is impossible to see ii the tenon is there, 
OF how it fits, Fig. 69 has the advantage that it can be seen 
from outside, and the beam is not unduly weakened by the 
mortice if the tenon is a good 6t. It is very rarely tbat a tenon 
lieare at the bottom of the mortice, and the bearing area of the 
post ia therefore reduced by the area of the tenon. This does 
not seriously affect the strength of the post, as such, and does 
not enter into the calculations for crippling stress. It chietly 
affects the intensity of pressure upon the underside of the beam, 
which in the case of fir and deal should never exceed, say, 
250 lbs. per sq. in., and should be limited to half that 
amount when possible. As the post has to carry 7 tons = 





Flo. 68.— Stamp Tenon ou Post. 
Fig. t;9.— Onliiiary Tenon od Puat. 

16,680 lbs., and the bearing area, 8 x 8 = 64, minus the 
tenon, say either 3 X 8, or 8 x IJ = 55 sq. ins., the pressure 

per sq. in. will be '' = 286 lbs. It is seldom that a post 

IB loaded up to its full capacity, so that possibly no great risk 
would be run by the shght excess of pressure shown beyond the 
u.oit laid down. A corbel is often placed between the post and 
the beam, as shown in Fig. 71 ; this is to strengthen the beam 
by extending its supports and reducing the span, but it will not 
affect the question of pressure unless it is made of harder wood, 
aoch as oak. An iron plate, say 8 ins. wide by 18 ins. long by 
J in. thick, with a mortice for the tenon, might be used as a 
corbel to spread the pressure over a larger area of the beam, 
hot it would be cheaper to have a larger section for the post, 
Bsy 10 infl. by 8 ins. 
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In comparing the reBaltB of calonlatioD by Gordon's formula 
with actual experiments upon various aecUona, it was found that 
they did not agree very well, and a modification was introduced 
by Baukine whioh made use of the " radius of gyration " of the 
section instead of the least width. There are several definitions 
of the radius of gyration, but the simplest way to put it is to say 
that it equals the square root of the quotient of the moment of 

inertia divided by the sectional area, or r = V -j" > or, as the 

square of the radius of gyration appears in the formula, it may be 

stated as r* = — , The whole formula, which is generally 

known as the Rankine-Gordon fonnula, is : 

where/ = about | of the ultimate oompreeeive strength of the 
material in Ibe. per sq. in., eayi 26,000 for wrought iron, 40,000 
for mild steel, 60,000 for oast iron, 6,000 for oak, and 4,000 
for fir. 

A = area of cross-section in sq. ins. 

a = constant =: 1 for column with round ends, 2 tor column 
with one end rounded, 4 for column with fixed ends. 

c = constant = 9,000 for wrought iron and mild steel, 1,600 
for cast iron, 750 for wood. 

I = length of column in ins. 

r = least radius of gyration of cross-section. 

P = ultimate load in lbs. Factors of safety as before. 

Applying this formula to the same post, we have first to find the 
radius of gyration, for which we require to know the moment of 
inertia, viz., -^ bhK In this connection b is always taken 
parallel with the neutral axis, and d or h, which are equiva- 
lent letters, are taken perpendicular to it. A post has two neutral 
axes — one across the centre of gravity of the section in each 
direction ; but, where the post is rectangular, bending is only 
likely to occur in the direction of the least width, so that b will 
he the greater side and dor hihe lesser. The moment of inertia 
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being ^ Wt" = ^ X 8 X 8* =^ 341'3, the Beetional area 
= 8 X 8 = 64, then >* = T = '^ = 5-3. Then 



1 + 



M _ 
1 P - 



4,000 X 64 



1 + 3 



, (10 X 12? 
6-3 



256,000 
= 1+-9 



4 X 760 ' 

= 184,737 Iba. ultimate load, and a factor of safety of 7 would 
make the safe load i^'-i^ = 19,248 lbs. — eay, 8J tons, 

compared with 7 tons obtained by the simple Gordon formula. 

In the above case the safe load on a given post has been ascer- 
tained ; the converse of that would be when the scantling of a 
post is to be found to carry a given load. The simplest way will 
generally be to assume a certain size and calculate its strength, 
then to enlarge or diminish its section, as may be necesHary, 
and re-calculate. 

When beams are continuous over more than one intermediate 
support they will be calculated as continuous beams, with bending 
moment diagrams somewhat similar to that for two equal spans, 
as given in Fig. 58, p. 42. The only difficulty with continuous 
beams is to know the maximum load transmitted to each support. 
The following table shows the proportion of the load which each 
receives when the spans are equal, and the load on each span is 
unity : — 

Lo4D ON Supports op Continuods Beams. 



Nambar 


Fine 


Smunid 


Tl.lrd 


FourtU 


FlfUi 






Support. 


Support. 


Support 


aapport. 


2 


*S75 


1-250 


■875 






S 


■400 


i-ioo 


1-100 


-400 





4 


■393 


1-143 


■930 


1-143 


■393 



Timber will hardly run more than four spans, and the scarf 
joints which will come over the posts will be taken as ends simply 
supported ; vertical scarfs are best, as shown in plan (Fig. 70) 
and elevation (.Fig. 71). 
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For a gantry it will be necessary to atrat the posts as shovn £□ 
Fig. 72, and put raking strata transversely, as shown in Fig. 78. 




^3^ 



Fio. 74.— Foot of Qsntiy Post on Stone Base, 




Fig. 7E.— Foot of Oaotr; Post In Caat-Iion Bue. 

The feet of the posts and raking strnts being subject to collisions 
and rough usage, may be supported as shown in Figs. 74 and 76. 
A scarf joint in a post should be made aa shown in Figs. 76 and 
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77, the bolts and plates rendering the joint practically as strong as 
any other part. In some gantries a timber sill is laid on concrete to 
receive the feet of the posts, and cleats should then be put on each 
side, as shown in Figs. 78 and 79. A rolling load npon a gantry 
does not produce the same stress as an equally distributed 




■-', '•'e-' 



FlOS. 78 tukd 79.— Elevation uid BectloQ of Foot of Ouiti7 Pmton Wood Sm. 
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load, but it is a little too complex to deal with at present. 
It may be sofiScient to state now tbat, approximately, each poat 
may be calculated for the fall load passing over it, and the beams 
may be calculated as for the foil load resting in the middle of 
a span, supposing the beam to be merely supported on the 
adjacent posts and not continnons. 
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CHAPTEB Vn 

Dbbioninq Framed Roop TBcesBB — BBNDniQ Momsntb on Tik 
Bbah — Dbtails op J0INT8 

F&AUBD roof trueaea are particularly well adapted for illastratiog 
the aee of reciprocal diagrame. Omitting the unasual case of a 
" couple cloBB roof," which consiats of a pair of raftera united by 
a tie beam at the feet, and tearing the " collar beam roof " for 
future inveBtigatiou owing to the difficulties involved by the uae 
of " virtual forcea," a king post trusa under vertical loading will 
be the beat form to consider next. Suppose a series of king post 
truaaea to be required for a slated and boarded roof of 25 ft span. 
A common distance apart of the trusses is 10 ft, but it will vary 
more or leaa according to the length of building to be covered, so 
that the trusses may be placed at equal intervals. Usually king 
poat trusses would not be less than 7 ft. 6 ins-, nor more than 
12 ft 6 ins., apart, and according to the distance apart the load will 
vary, and also the size of the purling. The pitch for a slated 
roof is generally 26J degrees, which equals a rise of ^ span, or 
80 degrees, which facilitatea the drawing of the truss and the 
stress diagrams by the use of a 30-degree set square. The pitch 
for tiled roofa ia generally 46 or 60 degrees, a greater pitch being 
neceasary to throw off the rain more readily, and partly for 
appearanca In the present case a centre distance of 10 ft. and 
& pitch of 80 degrees may he assumed. The length of the 

principal rafters will then be } apon X sec 80° = 12*5 X —1^ 

= 12-5 X 1-166 = 14-4 ft The load per foot super will be, 
slates 8 lbs., boarding 8 Ihs., common raftera 8 Iha., purlins and 
trusses 10 lbs., wind (average vertical load on atraight rafter roofs) 
30 lbs., making a total of 54 lbs. The whole upper load on the 
truss will then be 2 x 14-4 X 10 X 64 = 15,652 lbs. = say, 140 
cwts. This load must now be divided over the frame diagram, 
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Fig. 80. Each side will carry J, each space between the points of 
Bopport of the principal rafter will carry ^, then aa each ^ will 




Fro. 80.— Fnune dlagnun of King Post Tnin with Tertieil Load* only. 
Fia. 81.— Streu diagram tor Fig. 80. 

have two points of support the final division of the load will be i 
over each extremi^, and J over each intermediate point of 
Bupport, and the reaction at each wall will be i, making the 
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external forces as ebown on the frame di&gram J x 140 = 17"5, 
J X 140 = 35, j X 140 = 70. The spaces must next be num- 
bered as described in the last chapter, 1 to 11, as shown. The 
reciprocal stress diagram. Fig. 81, will be constructed as already 
described. First the load Une 1-2-3-4-5-6, then 6-7 and 7-1. 
Then the force lines parallel to the members of the trass, 2-8, 
7-8; 3-9,8-9; 9-10,4-10; 10-11, 7-11, and 5-11. It will be seen 
that one of the points is both 8 and 11, but no difficulty occurs 
on tbia account The length of each of these lines must now 
be scaled off with the same scale from which the load line was 




constructed, and the stresses bo found are then marked upon the 
frame diagram, and the design may be proceeded with. This is 
the easiest method of ascertaining approximately the stresses in 
the different members, and erra on the side of safety, but a more 
accurate way will be to take the wind separately as acting upon 
one side only, normal to the slope of the roof. To do this a new 
frame diagram must be made. Fig. 82. The net structural load 
will now be taken without the wind pressure — 54 — 30 = 24 lbs. 
per ft. sup., and divided up in the same proportion as before, the 
amount being placed against each of the vertical force lines in the 
frame diagram, as shown. Then the wind taken normal to the 
slope of the roof, say 28 lbs. per ft. sup. = 14'4 x 10 X 28 = 
4,082 lbs. = 36 cwts. in all, giving the divisional loads, as 9, 18 



DESIGNING FRAMED ROOF TRUSRES 



59 



and 9 cwta. The reactionB may be obtained by constructing a 
funicalar polygon, but it will be better to take this method later 
on. At present it can be obtained by leverage. Produce each 
of the force lines represeDting the wind to the tie beam, as 
shown by the dotted lines, and scale off the diBtances, which will 
be found as marked. By calcnlation the distances will be } span 



X Bee" 80 = 



= 6-25 X f : 



, and it will be 



seen that they divide the tie beam into three equal portions. 
We require to know what proportion of the wind pressure is 
borne by each wall; beginning at the right band side, there is 



25 



: 6 cwts. on the left wall. 



and 16 X 



9 cwtB. acting direct : then 18 X 

-^ — 12 cwts. on the right wall ; 9 x -^ =6cwt8. on 

left wall, and 9x^ = 3 cwts. on right wall, giving reactions 

from the wind, parallel to the direction taken for it, of 6 + 6 = 

12 cwts. on left wall, and 9 + 12 + 3 = 24 cwts. on right wall. 

The addition of a lath and 

plaster ceiling carried by 

ceiling joists may be made 

in this case, the load caused 

by it being shown as forces 

acting downwards from the 

underside of truss. The 

load per ft. sup. wilt be : 

ceiling 8 lbs., ceiling joists 

3 Iba., giving a total of 25 

X 10 X 11 = 3,750 lbs. 

= say, 24 cwts., divided 

over the points of support in 

the proportions of 6 cwts., 

12 cwts., and 6 cwts. 

The reciprocal diagram. 
Fig. 83, may now be constructed, taking all the external forces 
from the frame diagram for the load line, which becomes an 
irregular polygon, and the other lines being drawn parallel to 
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the members of the tnisa complete the stresa diagram. There 
is no difficulty if the work be done ajratematicall;, and a detailed 
deBcription need not be given. Scaling ofF the valaes, they may 
DOW be put upon the frame diagram, as shown, and the desLgoing 
will proceed as follows. The usual formula for roof members in 
compression is the Bankine-Gordon formula, assuming one end 
to be fixed and the other ronnded, except in the case of special 
connections, where the ends are rigidly held without a poBBtbility 
of tilting, when they are taken as both fixed. For the principal 
rafter the maximum stress is seen to be 8S cwts., and the 
unsupported length is 7*2 ft. 
Assume a scantling of 6 ins. by 6 ins., then 

D _ f^ 4,000 X 30 _ „, ofi qfln iko 

P = ~-Y^ = 1 (7-2x 12? - '"y- ^'^ "* 

'*' ac i^ "'"2X750 2-083 

In the present ease, as all the stresses have been so earefally 
considered, the factor of safety may he reduced from 7 to, say 4, 

making the safe load —^ — = 9,090 lbs., or 81 cwts. 

For the struts, with a maximum compression of 36 cwts., and 
unsupported length of 7'2 ft., try a section 4 ins. by 6 ins., then 

/A 4,000X20 ■.cQioiu A 

^ ^ 1 (7-2 X "!^ = ^^'^^^ "'^- ^^ 

2 X 750 1-8 

4,228 lbs., or 38 cwts. safe load. 

The king post has a tensional stress of 87*6 cwts., and, allow- 
ing S cwts. per sq. in. on net area in tension, the king post wiU 

require an area of —^ = 12*6 sq. ins., say 3 ins. by 6 ios. 

The tie beam has a maximum tension of 80 owts. and 
maximum bending moment of 18'76 cwt.-ft. = 226 owt.-in6. 

Try a 12-in. by 6-in. section, then — ^ -=■ — — Rsi 

1 ,g .fliv = — 1'88 ± 1'87 = 3"2 owts. per sq. in. tension, 
and 0'54 cwt. per sq. in. compression, which is satisfactory. 
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The DBt section left at the joints would require to be not less 

than a = 266 sq. Ins., say 6 ins. by 5 ins., and the bearing 

area at end of principal rafters by which the tension is put upon 

the beam should not be lees than -^ = 13*3 sq. ins., so that as 

the rafter is 5 ins. wide it should be let into the tie beam for a 
depth of, say, 8 ins. 

The trusses heing 10 ft. centre to centre, the purlins, taking 
the windward side for maximum load, will have to carry IS -|- 18 

h<P 

= 33 cwts. distributed, then -- = 33, or bcP = 830 ; with a 

depth of 8 ins. the requisite width will be ^ = S"16, say 

5j- ins., but, no doubt, 8 ins. by 5 ins. would be sufficient. For 
the pole plate the load will be 7'5 + 9 = 16'5 cwts. distributed, 

b^ 

10 ' 

. g g — 4-6, say 4J ins. For the 
common rafters the distance apart will be 12 ins., say 14-in. 
centres, thickness, say, 2 ins., then ir^ = weight per foot run on 

porhn, and multiplying by j^ will give load carried between 

i7i-o io — 3-85 cwts. Then |^^ = 3-85, whence 

d = V- '^^ ^ ^"^ = -^/ia^Se = 3-72, say 4 ins. 

For the ceiling joists at 14-in. centres under a dead load of 
11 lbs. per ft. sup, the required size would be WL = bd^ = 

112 



: X lO'' = 11-46, which with a depth of 3 ins. would 
thickness of =: 1'27, say li ina. ; this, how- 

ever, would not allow for the inevitable plumber or bell-lianger 



THEOET AND FKACTIOE IN DESIONING 



i 




F'C 84 
Fio. S4.— EleTation of King Post Trasa. 



traveraing the roof space. To permit of this, allowance must 
be made for an additional central load of 168 Iba. = IJ owta., 
or an equivalent distributed load of 3 cwts., making the 
corrected calculation btP = 11-46 + (3 X 10) = 41-46, and 



making the depth 4J ins., the thickneBS will be 



41-46 
4-5 X 4-5  



= 2-04, 



For the bearing area requisite at each end of the truae ve 
have the load of 24 + 42 = 
66 cwts., = 7,392 Iba., then at 
250 lbs. per sq. in. and a 
dimension one way of 5 ins. 
(= thickness of tie beam) the 





Fio. 85.— Isometric Yifw of JoinlB at FlG. 87.— iBomelric tiew of Joint be- 
head of Eiog Pout. tween Strut and Priucipal Salter. 
Fio. 86.— Front elevation of Fig. 85. 



—Front elevation of Fig. 87. 
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. ;r;r^ — 6 ina., so that the wall plate 

250 X 5 

should not be ot less acautling than, say, 6 ins. by 4J ins., the 

same as the pole plate. 

The complete elevation of truss may now be drawn out aa 




1 






Fig. 84, and details of the joints as Figs. 85 to 92. Fig. 85 
shows an isometric sketch of joints at head of king post, and 

Fig. 86 front elevation of the 
! joints ; Figs. 87 and 88 

show details of joint between 

strut and principal rafter ; 

Figs. 89 and 90 show details of 




joint at foot of principal rafter ; and Figs. 91 and 92 show 

details of joints at foot of king post. 



CHAPTER VIII 

DSSIONIKO QCBKN-POST TrCSS — EXPLANATION OF LIABILITY TO 

Dbform— Special Stresses Involved— ^Dbtailh op Teubb 
FOR 36-FT, Span 

After determining upon the external shape of a roof, the next 
step is usuall; to decide upon the number of points of support 
required for the common rafters, so that the ordinary scantling 
of about 4 ins. by 2 ins. may be adopted. This will fix the 
position of the purlins, and the trusses should be so framed that 
a strut comes immediately under each purlin to avoid transverse 
stresses upon the principal rafters. The extreme load on a 
common rafter is generally somewhere about J cwt. per foot run, 
and, taking this figure for load, the distance L between the 

supports would be given by the equation i L = — j^~- whence 

L = Y — i — = ^^ = 8 ^''■> which will be approximately 

the maximum distance between the purlins. Then the span ia 
divided up into as many equal parts as will give not more than, 
say, 8 ft. between purlins. In this way it is seen that a king- 
post roof truss may be used for spans from, say, 20 ft. to SO ft., 
and queen-post trusses for, say, 32 ft to 46 ft. 

The calculation of a queen-post truss brings out some new and 
interesting features in designing. Owing to the absence of 
bracing across the central rectangular space, it is a deformable , 
structure, and only keeps its shape by reason of its stilTness ; it 
is, therefore, never seen constructed in metal, because the crosB- 
section of the members would be unsuitable for the special 
stresses incurred in this form of truss. To exemplify the 
method of working, a queen-post truss for 36 ft. may be  
designed, the trusses 12 ft. centre to centre and no coiling, the  
finished work being as shown in Fig. 93. The loads upon the 
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roof will be found aB described in the last chapter, and marked 
apon Lhe frame diagram. Fig. 94 ; bub the exact determination 
of the loads and etreBses in their passage through the common 
rafters to the truBB would be extremely complicated, and 
dependent to some extent apon the quahty of the workman- 



Corynon rvftrr. 




rio. Sa.— BlenCioQ of Qiiecn-Poat Truss. Fie. 91.— Krantc diagram for Fig. 93. 



ihip. Adequate information has, however, been given in a 
previous chapter to enable any one sufficiently interested in the 
matter to attempt the full application of the principles to the 
present caae. The reactions will be obtained as explained in 
the last case, and the stress diagram, Fig. 95, worked as follows, 
but, in order to complete it, the dotted virtual forcee must be 
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introduced. Set down tbe load line from 1 to 10 and reactions 
16-17,17-1; then 2-18, 16-18; 18-19, 3-19; 4-21, 6-21; 21-20, 
19-20; 20-16, 16-lB ; then 20-22, 8-22; 22-23, 10-28; 23-14, 
15-14. The remainder of the load line ma; now be set down, 




Fio. 9B.— Strees diagnun for Fig. 



working from point 14, and it ia found that tbe virtual force 
10-lOa is required to complete the diagram. Tbe bending 
moments on tbe tie beam, which take the place of the virtual 
forces, will be as shown in Fig. 94. The virtual force at the 
left-hand queen-poet is of opposite character to that at the right- 
hand queen-post, and each force produces a bending moment 
diagram in the form of a triangle, with the full span as baae. 




I bv Google^ 



DESIGNING QUEEN-POST TRUSS 67 

Sobtracting the lesser from the greater leaves the resalt shown 
by the shaded diagram in Fig. 94. The ealcuIationB are as 
follove : — 

For the priDcipal rafter, with a maximum etresB of 126 cwta. 
and unsupported length of, say, 7 ft., try a 7-in. by 5J-in. 
sectioD ; then by the Bankine-Gordon formula 

'*' ac^ "•" 2 X 750 25 

or 491 cwts., and allowing a factor of safety of 4, tlie safe load 

will be ~ = 123 cwta. 
4 

For the straining beam> with a maxlmam stress of 67'6 owte. 

and UDBupported length of 12 ft., try a 9-in. by 5^-in. section ; 

then 

^ , , 1^ , , 1 (12 X 12)' - ^"'^" ""■■ 

^ aci^ "•■ 2 X 750 2-5 

: 68 cwtB. safe load. 

For the struts with a maximum compression of 42 ewts. and 
unsupported length of 7 ft., try a 4-in. by 5J-in. section ; then 

~ 1,1 ^ 1 , 1 (7 X 12)" - ^■'■^"^ ""■* 

"^oc? "^ a X 760 1-3 

: 48*25 cwts. safe load. 

Instead of finding the radiua of gyration from the moment of 
inertia and sectional area which applies to all forms of section, a 
special method for rectangular sections may be adopted, vis., 
r* = i^rf". The accuracy of this is proved as follows : — 

For the tie beam, with a maximum stress of 120 cwts. and 
maximum bending moment of 144 cwt.-ft. ^ 1,728 cwt-ins., 
try a 12-in. by 5^-in. section. Then 

W.M 120, 1,728 i.oj^iQ AAa . 

"T±z = --66±i(Bon^=-i^±^^ = ^^^'=^^- 

f2 
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per Bq. in. tension and 11'2 owta. per sq. in. compreesion, which 
are too high, as the tensile strees shoald, it possible, be limited 
to 10 owte. per sq. in. Try a 14-in. b; fi^in. section ; then 
W ,M_1W , 1,728 , - , o c ,1 , . 

- J ± Z - 77- ± i(6ixU') = *^ ± ^^ = "'^ "**«■ 
per sq. in. tension ftnd 8'1 owts. per aq. in. compression. This 
slightly exceeds the limit laid down, bat the scantling is some- 
what in excess of that nsoally adopted in practice. 

The queen-posts most be calculated for 21 ewts. temion and 
8*5 cwtB. compressioQ, as foond by stress diagram. Try a 8-in, 
by 6j-in. section. Then 

/A _ 4,000 X 16-5 _Qn., ,v. 

IV 1 (7 X 1 2? = ^'^"^ ^^'" 

2 X 760 0-76 




20 cwts. safe load in compression and for 
= 1-27 owts. per sq. iiL The section assamed is 

therefore in excess of the amount required, but less than that 
usually adopted in ordinary practice, the difference being due to 
the allowance made for some carpenters cutting the mortice for 
the gibs and cotters in the thin part, whereas this mortice should 
always be cut in the thick part The straining aill does not 
need calculation, and may be made 3 ins. by 5j ins., which is 
about the size usually adopted. Sometimes cleats on the tie 
beam against the queen-poste take the place of the straining sill. 
The purlins have to carry a distributed load of 39 ewts. ; then 

IF = ^ or 6(P = 89 X 12 = 468, which will be given by a 

section 9 ins. by 5^ ins. The pole-plate will have a distributed 
load of 19-6 cwts. ; then b^ = 196 X 12 = 234, which will be 
given by a 7-in. by 4J-in. section. The common rafter will 
have to carry a distributed load of 8*8 cwts. ; then ixP = 8'8 

X 7 = 26-6, say 4 ins. by 2 ins. At 260 lbs. per sq. in. the 
bearing area required on wall plate or stone template will be 
(42 -f 54) 112 ,o • *8 -TO a  

gs n ~ *1* '°^'' frfi ~ • ^^ "'^ nununum 

length; but the tie beam will run well beyond this, for oon- 
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Btructive reasons, as shown. If the load on the brickwork 
is limited to 3 tons per sq. ft., the area of stone template must 

be not less than a "Z an = ^'^ ^^- ^^- *°'*' ^^^^ * length of 



3 X 20" 

18 ins., the width will be -;^ = 1'06 ft., or, to suit the brick- 
work, say 13 ins. An isometric sketch of the joints at head of 
queen-post is shown in Fig. 96, and the front elevation of the 
same joint in Fig. 97. Figs. 98, 99, and 100 show details of the 
joints at foot of queen-post. Figs. 101 and 102 show details of 




Fio. 1)7.— Front elevation of Fig. 96. 

the joint between stmt and principal rafter, and Figs. 103 and 104 
show details of the joint between principal rafter and tie-beam. 

The portion of the queen-post under the gibs and cotters will 
be subjected to detrusion or shear along the fibres, and a working 
stress of 125 lbs. per sq. in. may be allowed for this. Then, as 
there are two sides to detrude, this figure may be multiplied by 
IJ = 125 X 1^ = 187"5 Iba. per sq. in. for double detrusion- 
Then the least depth required below the mortice will be 

ta&Tk ~sj ~p7k =^ 2*28, say, 2j ins. ; bat in the present case wa 

can allow up to 7 — SJ = 3j ins., and this will be a safeguard 
against splitting by the cotters being too thick. 

Having shown how king- and queen-post roof trusses may be 
precisely calculated, it will be useful to give tables of scantlings 
that may be adopted without calculation for ordinary cases. 
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FiQ. 98.— Isometric Tiew o[ Jolnte Fio. 99.— Front elevation of Ffg. 98. 

at foot of Qneen-Post. Fio, 100.— Vertical section ol Fig. 99. 



^ 




Fio. 101.— Isometric view of 
Joint between Strut and 
Principal Baiter. 




Fid. 102. — Front elevation of 
Fig. 101. 




Fig. 103. — Isometiia view of 
Joint between Principal 
Ratter and Tie Beam. 



Fio. 104.— Front elevation of Fig. 103. 
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Table of Scantlings for KiNfl-PosT Trusseb. 
BalUo ir, 10 ft. apart. Pitch, 25° to 30°. Slated. 
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StniM. 
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9X4 


8i X a 


22 


ii 


9 
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at 




8X4 


4x2 


24 


6 


10 


^ 


iH 




8 X 4j 


4X2 


26 


H 


11 


4 


n 




9 X 4i 


4J X 2 


28 


6 


12 


4 


3 


H 


9x6 


4! X 2 


80 


6J 


13 


H 


8 


H 


9X6 


5X2 



ThickneBs of king-poet tmas in inches for 10 ft. centres 
= \ span ft. — I. For other centre diatanceB add or sabtraot 
the difference from 10 ft. to or from the span — e.n., 12 ft. 6 ins. 
centres, 24 ft. span taken as 26 ft. 6 ins. spaa. Head and foot of 

king-post, twice width of middle. Beduce thickness of truss by 
^ in. and depth of tie beam by 1 in. if there is no ceiling. 



Table of Scantlings foe Queen-Post Tbusses. 
BalUc fir. 10 ft. apart. Pitch, 25° to 30°. Slated. 
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5 X 3 




LoiDB ON Bbebschmbrs — Bending Moubntb on Contintious 
Beam — Use op Kollbd Joists — Bending Moments and 
Shearing Forces undeb Irbeodiar Loading 

BTRDontREB involving the use of wood have been dealt with 
first because the material is used principally ia rectangular 
sections, and the study of stresses is somewhat simplified 
thereby, but the other materials will receive attention in due 
ooarse. 

One of the simplest cases in designing beams occurs in carry- 
ing a wall over a shop front. The clear span is usually given to 
commence with, and the load has to be ascertained. Take the 
conditions shown in Figs. 105 and 106. For the weight of wail 
taken as 9 ins. thick allow 1 cwt. per cubic foot, and make no 
deduction of the window openings, as this will allow lor the 
sashes and frames, sills, plaster, etc. Allow 1 cwt. per toot super 
for the floor, ceiling, and live load. Allow ^ cwt. per foot super of 
horizontal measurements for roof truss, covering, wind, ceiling, 
etc. These are common working allowances for finding load on 
girder when details are not disclosed. Then the load to be carried 
will ha 17-75 x "75 x 10 X 1 = 133125 cwta. for the wail; 



X -5 = 62125 ewts. for the roof; in all 1S3-126 + 124-25 + 
62-125 = 319-6 ewts., say 16 tons. By reference to a list of 
"British Standard Beams," it will be found that on a span of 
18 ft. there is a choice between a 12-in. by 6-in. by 54-lb. or a 
14-in. by 6-in. by 46-lb. rolled steel joist. The deeper joist 
is the lighter, and therefore cheaper in itself, but it has the dis- 
advantage of requiring 2 ins. more head room, and is therefore 
objectionable. Generally a saving in height is worth having, and 
an alternative arrangement would be to have two shallow joists 
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aide by side. It will be seen from the table that two 10-in. by 
5-in. by 80-lb. joists would each carry 8 toDS, making together 
the required total of 16 tons, but the further saving o£ 2 ins. in 
depth is obtained at the expense of 60 — 54^ 6 lbs. per toot run 
more weight than the 12-in. by 6-in. joists, and the 10-in. by 
6-in. joists are outside the zig-zag line shown in the table, which 




means that the defiection would be excessive, so that the 12-iii. 
by 6-in. by 54-lb. joist would be the one to adopt. It may be 
argued that the allowance for weight of floor is excessive, but it 
will frequently be found that the floor over a shop is occasion- 
ally loaded with goods, and it is not safe to make the allowance 
less. It may also be said that the bonding of the brickwork of 
the front wall relieves the girder of much of the weight. For 
eiample, it may Bometimes be aoffioient to take the portion 
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actually carried by tbe girder as coming within the shaded area 
on Fig, 105, but it is always better to be on the safe aide, and the 
expenBe of a little more steel is very slight and well worth the 
additional security that is obtained, 
li the wall bad been 1 j bricks thick, the total weight to be 
carried would have been 319'6 -(- 

^^^^ = 386-06 cwta. = 19-3, aay 

20 tons, then two 10-in. by 6-in. by 
42-lb. rolled joists would have been 
soitable, bolted together through 
the webs with cast-iron separators 
by the English method, as shown in 
Fig. 107, or the American method, 
as in Fig. 108. Girders with separa- 
tors cost very little more than plain 
girders, and there is no delay in 
delivery, whereas if they are con- 
nected by a top plate there is always 
delay in getting the riveting done, 
and the work is much more expen- 
sive. There are, of course, cases in 
which it is necessary to add plates 
to rolled joists to obtain the neces- 
sary strength, and such cases will 
FIO. I07.-Joiflta connected by ^ ^^^j^ ^.j^j^ j^^^^ ^^^ 
Ctt8t-iron SepdralorB (Brilish . 

method). Before leaving this case the sup- 

Fio. 108.— JoistB connected by ports must be looked to. With a 
Cast-iron SepatfttorB (American ^^^^^j j^^^j ^^ jg ^^g ^_^^^^^ ^j^ ^,g 
method). , . , • , 

8 tons on each side, and unless 

the piers are built up in cement not more than S tons 
per sq. ft. should be put upon them. This gives a reqaired 

bearing area of -5 = 2| sq. ft., and the wall being only 9 ins. thick, 

the length of bearing surface for the stone template under girder 




will have to be 



2| _ , 



two ways of overcoming the difficulty, either a column may be 




■55 ft., which is prohibitive. There are 
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pot under the centre of the girder, or channel sections may be 

□Bed as Btftnchiona against the brick piers. Taking the former 

method, we have the conditions shown in Figs. &8 and 59, p. 42. 

Now, taking If' for the total load and Ij total length, the masimum 

, ,. ,. . ,lWxlL i X 16 X J X 17-76 
benduig moment is seen to be ^-^ — = ^ 



: 8'875 ton-ft. over the colomn ; hot the maximum bending 
WL _ 16 X 17-75 
8 8 

= 86*6 ton-Et., or four times as much, so that it is clear that a 
very much lighter section may be used for the girder with the 



moment on the girder without the column ia 




Fio. lOD.— Bending 



diagram far Oirder with three Bpuie. 



column. To find thia section from the table we require to know 
the distributed load over the half length that will give a bending 



R*ft75 ^ fi 
= 8"875, therefore W = — - — = 8 tons, and to carry 

8 tons over a span of 8*875, say 9 ft., will require a joist 8 ina. 
by 4 ins. by 18 lbs., or two 6 ina, by 8 ins, by 12 lbs., which 
most builders would prefer to use. If the shop has a central 
doorway, it will necessitate two columns, say 5 ft. centre to 
centre. The bending moment diagram would then be approxi- 
mately 88 Pig. 109, and the load on the centre span will be 



17-75 



X 16 = 4'5 tons, while that on the side spans will be 
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- = 6'75 tons. The load on the colnmiiB may be taken 



spprozimatel; ae half the load on each adjoining apui as 
marked, hringing the maximtim bending moment down to 




Fia. 110. — ElevatioD of Brick Putiticm to be curied bj Girder. 
Floe. Ill and 112.— Methods of dividing Load otbi doomj on to the tides. 



WL _ 5-76 X 6-876 



= 4*68 ton-It., equivalent to a distri- 



boted load over a span of 6'876 ft. of 



4-58 X 8 



= 5-76 tons, 



6-375 

for which a pair of 4-in. by 8-in. by 9J-lb. rolled steel joists 
will be Bufficient. 

The next case to be taken is to find the section required to 
carr; a brick partition with a 4-ft. door opening 8 ft. from one 
side over a clear span of 16 ft., as shown in Fig. 110. The load 
over the doorway is transmitted down the two aides, bat the 



(ibyGoot^Ie 



In a similar manner the extra load on the right will be - 
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exact distribution of the loading is somewhat doubtful. There 
are two possible views : the simpler one is that half the load goes 
each way, and that it is divided over the intervening space in 
regular proportion from maximum to nothing. Thus, load over 
door = 4X5x*75Xl = 15cwtB.,half each way = 7'5cwtfl. ; 

then for left side -^ = "9375 per foot run, and ■9376 X 2 = 
1*875 owtB. increase of load at door jamb, as shown in Fig. 111. 

7- 5 X a 
3 

= 5 cwts. at door jamb. The other view is that the load over 
doorway is transmitted to each abutment in inverse proportion 
to the distance from its centre of gravity, and divided over the 

intervening space as before, viz., on the left — ^^ — x 15 X q = 

1*25 cwtB., and on the right — tr" 

shown in Fig. 112. Aa the former view gives the greater bending 
moment on the girder, it will be best to adopt it ; the weight of 
the wall is 12 X '7& X 1 = 9 cwtB. per foot run, then the load 
diagram will he as shown in Fig. 113. It will now be necessary 
to find the maximom bending moment shown in Fig. 114, pro- 
ceeding as follows : Taking the load on left-hand side as a con- 
centrated load acting at the centre of gravity, the bending moment 

J ^L 1 J 11 1 f^'«^ 79-5 X 4-1 X 10-9 „„„ ^ ^ 
under the load will be -^ = j^ = 237 cwt.-ft. 

shown by the triangle ac b, which will be the bending moment 
diagram taking the load as concentrated. As the load is not 
concentrated, a perpendicular must be dropped from the end of 
the load cutting b c in d, giving the triangle a d b &a part of the 
complete diagram. Similarly, the right-hand load will give a 
final triangle a fb, and then the triangles adb and af b must he 
added together, giving the figure a g h b. Then to complete the 
diagram it will be sufficiently approximate to assume the load 
on left-hand side as evenly distributed over the span of 8 ft., 

'° 7 ^ =79-5 

cwt.-ft., which must be set off opposite the centre of gravity of 



^ 
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the load, the diagrniu being as shown by the two semi-parabolaa 
aj andjg which are cooBtructed as in Fig 24 p 18. In a 
similar momier the semi parabolas b k and k h must be added to 
the right-hand side, the complete diagram being aj g kkb. By 




'm^j^^M^ i ' \^^I 




FlQ. 113,— Load diagram for Fig. 110. 

Flo. IH. — Bending moniwit diagram (or Fig. 113. 

Via. 115,— Shear diagram fur Fig, 113, 

scaling, the maximum bending moment (M) is fomid to be 
199 cwt.-ft. = say, 10 ton-ft, then M = -^ or H^= ^ =* 
- ^ = 5'3 tons equivalent dietributed load over the 15 ft. 
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span, requiriDg a 9-iD. by 4-m. by 21-lb. rolled steel 
joistj or two 7-m- by 4-m. by 16-lb, rolled steel joifitB. 

The reaction at left-hand abutment = -y^- x 79*6 + jT ^ 

"34'5 = 61-45 cwta., and at the right-hand abutment -r=- X 34-5 

4"1 
+ YT X 79'5 = 52'55, the two together making up the total 

load of 79*5 + 34*5 = 114 ewts. To eonBtruct the shear 
diagram, set op the left-hand reaction above the beam, which 
19 positive, &B in Fig. 115, then the shear at any point is equal 
to the reaction lesa the load between the abutment and the 
point under consideration, thus at 2 ft. from left abutment the 

shear = 61-46 — (^-+^^ X 2) = 42-98 cwta. and so on. At 

the end of the left-band load the shear will he 61"45 — 79*5 = 
18'05 cwta. negative, and will be set off below the horizontal line. 
From thia point to the beginning of the right-hand load the 
shear will be constant at 18*05 cwts., and will then increase till it 
reaches the right-hand abutment, where the shear = 18'05 + 
34-5 = S2*55 cwts. negative. 
Allowing a safe load of 12 tons per aq. ft. on the York stone 

template, the two joists will require a bearing area of „- . - „ 

= 0*256 sq. ft., and as the combined width is 8 ins., the joists 
must rest on the atone for at least 4*6 ins., say 6 ins. Allowing 
3 tons per sq, ft. on the brickwork, the area of atone required 

= 2Q   g = 1*02 sq. ft., and assuming the width to be 9 ins., 
 the length will be ^~ = 1-36 ft., say 18 ins. 
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CHAPTEB X 

FlNDIHa STRKUflTH OF BOLLBD JoiST OSBD AS StAMCHIOS 

Moment of Inertia — Section Modxtlds — Safe Loads on 

Materials— -Rein FORGED Concbetb Foundation 



Keepino for the present to the more elementary parts of 
practical design, we now proceed to show how to find the strength 
of a rolled steel joist ased as a stanchion. Assume a British 
Standard Beam (B.S.B., No. 14), 8 ins. by 6 ins. by 35 lbs. per t 
toot ruD, 10 ft high, with hsed ends ; the safe load on this as a 1 
BtanchioQ is given in Dorman, Long & Co.'b tables as 47 tons, I 
and the section is shown in Fig. 116. There are two axes, I 
X — X and Y — Y : the moments of inertia are given in the 
tables as 110-5 about X - X, and 17'95 about Y - Y, the radii 
of gyration as 3'28 and 1'32, the section moduli 27"62aDd 5"98, 
and the sectional area 10'29 sq. ins., but all tables do not 
agree. The moments of inertia can be obtained graphically aa 
follows. For the moment of inertia about the axis .V — X, 
divide the section horizontally into any convenient number of 
parts. Find the area and centre of gravity of each part, and 
from each centre of gravity draw a horizontal line and number 
the spaces as shown. Set down the area ot the fourteen parts 
as a load line, marked 1 to 15, In Fig. 117, and hx pole at right 
angles, 80 that 1 — ia equal to half 1 — 16. Join to the 
points 1, 2, S, etc., on the load line, and parallel with these 
vectors, across their respective spaces, draw lines to construct 
the inertia area Fig. 118. As a check upon the work the inter- 
section of the lines across spaces 1 and 15, parallel with — 1 
and — 15, should be on the axis X — X, it being noted that 
space 1 is the space between line 1 — 2 anti- clockwise round to 
the neutral axis on the further side of the inertia area diagram, 
and space 15 is similarly the clockwise space from line 14 — 15 
to the neutral axis. The next step is to measure the areas of the 
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Fvj. 119.— Polar diagmin (or moment of inertia on F - Y. Fio. ISO.^Inertia ai 
for moment of Inertia on y - F. 
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joiBti section and inertia area by planimeter. Then the area of ] 
the joist ia found to be 2576 sq. ins., but as the joist was drawn j 
out one-half full size, the true area = 2'576 x 2^ = lO'S aq. ins., 
and eimilarly aa the inertia area = 2'67 eq. ins., the true area 
= 2-67 X 2» - 10'68. The moment of inertia (I) = the area 
of section (A) multiplied by the inertia area (a), or 7 = Aa =. 
103 X 10'68 = llO'O, about axis A' — A', as against 110"5 given 
by the tables, and it should be noted that the greater the number 
of divisions taken on the Bection the nearer will be the result to 
that given by standard tables. In the same way the moment of 
inertia about 1' — ¥ may be found as ahown by Figs, 119 and 
120, then / = Aa = 10-8 X 1-74 = 17-92, against 17-95 aa 
given by the tablea. The moments of inertia and section moduli 
are not required for uae when the load is axial, but they will be 
wanted later on. Uaing the Rankine-Gordon formula, as given i 
at p. 50, and taking the leaat radius of gyration 
p _ fA _ 40,000 X 10-29 _ 411.600 

i + zn^ I I 1 f lQ X l^ V 1-23 

^^\ac)r' ^ 4 X 9,000 V 1-32 J 

= 334,634 lbs. ultimate load, and allowing a factor of safety 

of 4, the safe load = ^^2^ = 83,658-5 lbs., or 37-36 tona, 
4 

against 47 tons aa given by Dorman, Long & Co.'a tables, and , 

35 toQs by Edward Wood & Co,'s tablea. i 

Another method of estimating the strength of a stanchion is ^ 

to allow a certain stress per sq. in., according to the ratio of 

-, that is, length to leaat radius of gyration. This is adopted 

in the new Building Act Amendments (1909) of the London 
County Council, as ahown in table on p. 83. 

The last column is the most useful, and it will be seen that up 
to the ratio of 160 the safe load can be memorised by the 

formula 6*6 — jr; (-]. By this table, taking the ratio in the 

present case aa - = — p^ — = 91, then 6-5 — jj; = 4-225 tona 
per sq. in. safe load. Sectional area := 10'29, then safe load 
= 10-29 X 4-225 = 43-47 tons, which may be taken as the 
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L.C.G. safe load. These different results, 37*35 tons, 47 tons, 
85 tona, and 43'47 tons, are not Batisfactoi-y, aa one naturally 
has some doubt what to do in soeh circumstances. It is, how- 
ever, a usual experience, the more formulce that are tried the 
greater the number of differences produced. The L.C.O. safe 
load may be worked to, 



Safe Load on Mild Steel Pillars. 





WorUag BtonM. Id (on. F.T «i. In. or 8«Cloa. 
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It the stanchion be bo fiied that it cannot bend in the direction 
of the least radius of gyration, it may be permissible to calcu- 
late its strength upon the basis of the greatest radius of gyration, 
but special sanctiou must be obtained for such structures when 
erected in London. The 8-in. by 6-in. by 35-lb. rolled steel 
joist will then have a carrying capacity of 
SA _ 40,000 X 10-2 



e = ' 



1 + 



»c \rl 



1 + 



4 X 9,000 



/lO X 12Y 
^ S-28 I 



J = 396,914 Iba. 



tmiat be clearly uoderstood that this load is a central dead load, 
not applied by ineaQB of a girder attached to either web or 
flange. 

02 
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The next step will be to coofiider tbe size and conBtraction of 
the base of the stanchion. Before this can be determined tbe 
Bafe load upon various kinds of foundation must be agreed upon. 
Tbe following table gives the safe load on materials supporting 
the ends of girders, stancbione, eto. 

Safe Load on Hateeials. 





OtiIIiuit Lw). 




HailiiKiDi Lo«L 


HttvUI. 


Tnat« 


f™^i^ 


Ton>;«r 
Itaot snpef. 


Granite .... 


20 


A 


30 


Fortland and compact lime- 








atone .... 


15 


A 


20 


Hard York stone 


12 


A 


16 


Limestone (ordinary) . 


6 


A 


6 


Blue brick in cement . 


9 


4 


12 


Stock 


6 


i 


8 


„ „ lias mortar 


5 


i 


6 


tt .< grey lime mortar 


S 


i 


4 


Portland cement concrete 








(6tol) . . . . 


5 


i 


io 


Liaa lime concrete (4 to 1) 


S 


I 


6 


Gravel and natural com- 








pact earth 


2 


— 


— 


Made ground rammed in 








layers .... 


1 




— 



The safe load on the eemeotiQg materials ma; be taken as 
follows : — 
Grey or atone lime mortar — 

50 lbs. per sq. in. or 8 tons per sq. ft, compression. 

26 lbs. per eq. in. or 1§ tons per sq. ft. tension. 
Lias lime mortar — 

160 lbs. per sq. in, or 9 tons per sq. ft. compression. 

50 lbs. per aq. in, or 3 tons per sq. ft. tension. 
Portland cement mortar — ' 

200 lbs. per sq, in. or 12 tons per aq. ft, compression. j 

75 lbs. per sq. in. or 5 tons per sq. ft. tension. ' 

Pressed ganlt, Ftetton and Leicester red bricks are inter- 
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^edi&te in strengtb between LondoD stocks and StaETDrdahire 
l)lQe bricks. In arcbitectural work, witb dead loads only, the 
a in tbe last column may be worked to, but wbere vibration 
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occurs, the factor of safety allowed by the previous column is not 
too great. 

Assuming the Btaucliiou to rest upon a thick York stone base 
capable of bearing a safe load of 15 tons per square toot, the area 

of the base must be -j-=— = 2'9 sq. ft. = 1"7 ft- square, say 

1 ft. 9 in. The plan will then be aa in Fig. 121, front elevation 
Fig. 122, and aide elevation, Fig. 123. The thickness of base 
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Fio. 123. — Side alevntion of Base of Stftnuhiun. 

plate depends chiefly upon the unsupported projecting portiona, 
and may be determined by the useful empirical rule, thickness 
= J projection, which in the present case = -g- = 0"626 ins. 

or § ins. This can be checked as follows : Taking the projecting 
portion as a cantilever with an evenly disti'ibuted upward ^ 

 ..,.,■ , 15 tons per BO. ft. ni<n 
pressure m the nature of reaction of 19' v"^!^ — ^ 



ton per sq. in. Then 
0-104 X 



2 X i (1 X 0-625") 




-gr = 7i tons per sq. : 



2Z 

The number of rivets . 
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to take the shear will be found as follows : The area of a l-in. 
rivet ^ 0'44 eq. in., and allowing 5 tons per eq. in. single shear, 

each rivet will take 0*44 x 6 = 2*2 tons shear, then ^^ = 

Bay, 20 rivets through stanchion. This will be enfficiently 
obtained by 8 rivets through each flange, and two others in 
double shear through the web. The thickness of gusset plate 
should be not more than the thickness of stanchion web, and not 
less than % of the thickness, in this case, say, g in. If the 
stanchion could be always relied upon to bear evenly over the 
base plate, the riveting might be reduced, but it is usual to 
provide sufficient sectional area of rivets in shear to take the 
whole load. 

The relative cost for equal bulk of foundation work in different 
materials may be taken aa follows : — 




Per Cub. m. 


^^^ 1 


Tork stone and labour 
Stock brickwork in cement . 
Cement concrete 1 to 6 


6 
1 6 
6 


12 
3 
1 


This great difference in value and the keen competition to 
keep down cost leads to the omission of the stone and brick- 
work, but m practice the difference in cost does not come out 
BO great as shown, owing to the reduction in size of space 
occupied. For example, let the York stone project 6 ins. all 
round the base plate and be 1 ft. 6 ins. thick, the contents will 
be 2-75 X 2-75 x 1-5 = 9-84. say, 10 cub. ft. at 6s. = £S for 
18 ins. deep, or £2 per foot of depth. Then, say, brickwork 
18 ins. deep and S ft. average width of side giving 3 x 3 X 
1*5 = 18-5 cub. ft. U. 6d. = £1 Os. 3(/., or 13s. 6rf. per foot of 
depth. Then the concrete, say, 5-5 x 5-5 x say, 3 ft. deep = 
90-75 cub. ft. at 6d. = £2 5«. 4^d., or 15<. 1 J</. per foot of depth. 
The relative cost, taking into account the space occupied, will, 
therefore, be 40a.. 13e. &d., and 16s. Ijrf., and the relative values 
about 3, 1, and IJ. 
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It may be desirable to carry the Etancbion by a reinforced 
concrete base spread over the soil. When concrete is made by 
specialists, it may be relied upon to carry double the load that 
could be put upon it in ordinary circumstances. With British 
Standard Cement and skilled labour, the following loads may be 
pnt upon cement concrete. 

Sapb Load on Standasd Conchetb Twelve Months Old, 
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16 


7} 




5 


10 


12} 


6 



Bbdhotionb of Strbnoth from abotb T&bls in Gono&btb kot 
Matured. 
Age 14 days reduction 76 per cent. 
21 „ „ 50 



8 „ „ 15 

6 „ .. 7J .. 

9 „ „ 2J 

The significance of this is that concrete work may be quite 
safe with the structural load during construction, and by the 
time it is desired to load up the building the concrete will 
have matured sufficiently to take the desired external load. 

Assume the soil capable of carrying, say, IJ tons per sq. ft., 



the load 4S'47, say 44 tons, the area required = 



1} 



= 29 sq. ft., 



b,G00' 



J 
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Fts. lS4.~Plui of Belnforced ConcreU: Foundatlan lor Stancbioa. 
FlO, 126.— Section of Fig. 124. 

[ say 6 ft. 6 ina. aqaare. The projecting portioQ must be taken as 
a cantilever, and the load on 1 ft. run will be 1'876 x 1 x 1'6 
= 2*61S6 tone, or 56'25 cwts. diatributed. A handy formula 
for the approximate strength of a reinforced concrete beam is 

W = (-37 p + -214) -J-, where W = sate load in cwts. 



i 
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diBtribated, including weight of beam, p = percentage of rein- 
forcement, b = breadth in inches, d = depth to centre of 
reinforcement in inches, L = span in feet. This formula is for 
beams supported at both ends with a maximum bending moment 

WL 
of — Q- , but for a, cantilever with a distributed load, the masimom 

bending moment = —^, or four times that of the beam. 

Therefore a cantilever will carry only one-fourth of the load that 
a beam of similar section can take, so that the formula may be 

Allowing a reinforcement 



put down as W = (87 p + -214) 



iL' 



of 11 per cent., 66*2 



: (-87 XH + -214) 



12 i/' 
4 X 1-875' 



whence 



tp = 



66-25 X 4 X 1-875 



- 12 (-37 X H + -214) - "-'^^ »' •* = ^«-'^ = ™' 
Bay 7 ins. to centre of reinforcement. The area of steel required 

JO V 7 X li 

= — — Yfui — =^ ^'^^ ^1- "^B., which will be given by J-in. 
rods, 4J ins. centre to centre, as shown in the plan Fig. 124 and 
section Fig. 125. 



CHAPTER XI 



RiVETiso — Btbenoth op Rivets and Bolts — DEaioNiKa Cos-1 

SECTIONS BETWEEN OlRDERS AND STANCHIONS — GbILLAOB ] 

Foundation 

Very few of the stsnchions that are used in a building can be ^ 
said to have asial loads. Even when a stanchion occurs in the 
middle of a door girder the girder may be loaded on one side of 
the stanchion, and not on the other, so that it is necessary now 
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T- !8i Si 


S) Q ^ 



to consider the effect of a side load. Asaunie the case shown \ 
in Figs. 126 and 127 where a 14-in. by 6-in. by 57-lb. rolled 
joist brings a load of 10 tons on one side of a stanchion, the 
unsupported length of which is assumed to be 12 ft., being fixed 
at girder level by supports not shown. There is also an axial J 
load of 10 tons oaaumed to come from roof or otherwise. Thefl 
actions may be designed first. The cleats are nsual^l 
1 to the girder and bolted to the stanchion, except L 
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framed bnildingB, when it ia often specified that all oonnectioiis 
shall be riveted throughont. ThdBe in the girder are then known 
aa " shop" rivets, and those in the stanchion aa "field " rivefa. 
BivetB are shown on drawings by diO'erent signs to indicate the 
varioaa conditions, as shown in the diagram on p. 91. 

The safe loads on rivets and bolts may be taken as in the 
following tables : — 

Bats Load oh Mild Stbbl Bitiib. 



DiuwMIaluchM. 


Dlnct IVmiJgii at 
4to>»p«.q.l>>. 


8lD<l<Bhiv«tGtaii 

P-iq-fa. 


I>niUtl9MEat 




2-0 


1-6 


2-8 




2-9 


2-3 


8-8 


. 


8-9 


80 


4-6 


1 


61 


8-9 


6-9 


14 


6-6 


60 


7-6 



The diameter taken is that of the hole for rivet. 
Safh LoiD iH Shub on Wbodoht Ibon Bolts. 



DJuutom India. 


OldliBrT Bt 1 nma IH Bq. Id. 


DllT<l« m >t t Ibu PV flq. In. 




0-9 


1-2 




1-8 


1-8 




1-8 


2-4 


1 


2-3 


81 


u 


80 


4-0 


li 


8-7 


4-9 



It is necessary to consider the bearing pressore of a rivet or 
bolt in its hole, when the parts held are comparatively thin, the 
bearing area being measoted by the diameter x thickness. This 
is in order that the side pressure, when the rivet is under shear 
stress, may not crash the rivet or the plate. The following table 
gives the value of various diameters of rivets and bolts, and 
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Flo. 126.— ElerkUoQof BUn- 
chioD with Oirder Attached 
to FUoge. Fio. 137.— 
Section through Oirder 
ftttftched to Flange o( 
StaDchion. Fig. 131. — 
Elevation of Base o( gtui- 
chion. Fio. 132.— PImi of 
Base ftate to SlacchioD. 
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thicknesBea of platee, the thinner plate being taken as the 
measure when there i» any difference : — 



Bbaeino Presbcbeb OS WEOoaHT-lEOK Bolts at 6 i 

FEB SQ. IN. 









[UekoMiotr 


naUlolDchM 


































IncliM; 


i 


A 


« 


A 


i 


ft 




0-94 


1'17 


1-41 


1-64 


1-87 


2-11 




1-12 


1'40 


1-69 


1-97 


2-25 


2-53 




1-81 


1'64 


1-97 


2-29 


2-62 


2-95 


1 


1-50 


1'87 


2-26 


2-62 


300 


3-37 


li 


1'69 


211 


2-63 


2-95 


S-37 


3-79 


li 


1-87 


2-34 


2-81 


S-28 


3-75 


4'22 



Bearimo Pbgbbubeb on Mild Steel Bivets it 10 tons 
FEB aq. IN. 



Dlunotorer 


md„,«.,p.u»,..b» 


incHM. 


i 


A 


1 


A 


J 


ft 


1 


1-66 


1-96 


2-84 


2-73 


3-12 


8-61 


f 


1-87 


2-34 


a-81 


3-28 


3-75 


4-22 


1 


219 


2-73 


3-28 


3-83 


4-37 


4-92 


1 


2-50 


S12 


3-75 


4-37 


5-00 


6-62 


IJ 


2-81 


8-61 


4-22 


4-92 


6-62 


6-32 



When the be&ring valae is less than the shear value the former 
mast be taken instead of the latter. 

It is nsual to keep to ^-in. diameter as much aa possible, as 
the best work is made 'with hand riveting in this size. The 
load from end of girder being 10 tons, the number of ^in. 

bolts required to resist shear will be ^t^ = 7'7, say, 8 bolts, and 

generally it is considered well to have half the required number 
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below the girder, but there is no necessity for this. To get two 

rows of bolts in one flange of an angle cleat, it must have a clear 

width on the inside of not less than 4^ times the diameter of 

bolt, the lower angle cleat would, therefore, be f X 4j = 3§ ins. 

in the clear, which would be a 4-in. by S-in. by ttj-id. angle. 

In this case, however, there will be 8 holts easily placed without 

oountiag the bottom cleat, and although the top cleat can be 

omitted, it is very useful to stiffen the connection so that a 

single row of bolts may be used in the bottom cleat, and the 

width of angle to enable the nuts to clear the rivet heads at 

n'ght angles will be 8^ ins., making the cleat 3^ ins. by 3 ins. 

by 8 in., the others being 3 ins. by 2J ins. by | in. 

To ascertain the approximate effect of a non-axial load, 

moltiply it by 3 when attached to the flange of a rolled joist 

Btanchioo, and by 1^ when attached to the web. The virtual load 

to be carried by this stanchion wilt then be 10 + 3 X 10 =: 40 tons. 

The approximate safe load on a stanchion may be taken for trial 

40 
as 4 tons per Bq. in., then — = 10 sq. in. as the probable least 

sectional area, hot a stanchion with broad flanges should always 

be selected. Looking down the table of British Standard Beams, 

the 8-in. by 6-in. by 35-lh. section with an area of lO'S eq. ins. 

appears to be suitable. The radii of gyration of this section are 

3'28 and 1'32, and generally it will be necessary to take the 

least. The safe load per eq. in. on this stanchion by the Rankine- 

Oordon formula will then be 

/ _ 

'l + l(^ 1 I 1 (^' 

^ acKr'/ ^ 4 X 9.000 U-32V 

per eq. in. The maximum stress produced by the loading, axial 

and eccentric, will be found by the formula -r i: ^ but the 

minas value may be discarded, as it will not be required in this 
case. The bending moment M will be half the section depth of 
Binnchion multiplied by the load from the end of girder, and the 
section modulus Z in the required direction is given as 27"6, 



p = — ,-71^ = , rn4>Y = rr3 = "'°°= 



' A ^ a ~ 10-8 ^ 27-6 ■" 10-3 ^ 276 



+ ,^ = l-i« 
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' -f- 1'45 = 3'39 tons per sq. Id., whiob is veil on the Bale side, 
but the next emaller sections wonld be the 8 ins. by 5 ins. by 
28 lbs., or the 6 ins. by 5 ins. by 25 lbs., both of vbich have the 
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Flo. 1S8.— Elevfttion o( Stanchion with Girder attached to Web. 
Fio. 129.— Section throiigb Oinler uttached to Web of Stanchion. 

[ detect that they are only 5 ins. wide, while the girder to be 
connected is 6 ins. wide. 

The next case to consider will be the supporting of the 
girder upon the web of the Btanchion as in Figs. 128 and 129. 
Take the same stanchion 8 ins. by 6 ins. by 35 Iba., then the 
maximum safe load per sq. in. will be 4'5 tons a^ before, but the , 



figures for maximam stress will be altered because the leverage 
willo 



.10+10 



+ - 



i X 10 



1M~  5^98 — ■" ^'^* "'■ '^^® ~ ^'^^^ ^°° P*"^ ^- '^'^^' 

which leaves a still larger margin, but it ia seldom posaible to 
provide eiactly what is wanted without increasing the cost io 
other ways. 




Fio. ISO.^DUgram of Digtribulion ol Strest at foot of Stauuliiou and 
Method of Bading Centre of Oraritj of Diagratn. 



It will be well to check the maximum allowable stress by the 



proportionate stress for that value = 6"6 — ^^ ( - 1 = 6-5 — 

^ X 109 = 6-5 — 2-726 = 3-775 tons per sq. in., the actual 
stress in the two cases being 8'39 and 2*308 tons per sq. in. 
respectively. 

When the foundations of a stanchioa are concentric with the 
axis and the stanchion is eccentrically loaded, the foundations 
will be under more than the calculated stress ou the side of the 
load, and less on the other side. For permanent eccentric load- 
ing it is, therefore, desirable to shift the centre of the base plate 



98 THEOEY AND PEACTICE IN DESIGNING 

and EoQnd&tion, the diBtaace being found as follows : Taking the 

case of the girder aUached to flange of stanchion -3- ± y = ^'^'^ 

± 1-45 = -|- S'39 tons and + 0'49 tons.compreaaionat inner and 
outer edges. Constrnct trapezium aa Fig. 130 with base equal 
to depth of stanchion and end heights equal to the stresses just 
found ; this will give a diagram of the distribution of stress at base 
of stanchion. Find the centre of gravity graphically by adding 
to each end the height of the other end, and drawing diagonals to 
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intersect at the centre of gravity, which will be found to be I'l ins. 
from the centre line of stanchion. If the base plate and founda- 
tions are centred on this point they may be designed e^^actly as for 
a simple load of the full amount, but otherwise they will require 
extending. With the girder attached to the web of stanchion 
the base plate and foundation may be kept central on the axis of 
the stanchion. The total load is 20 tons, and at II tons per ft. 
Buper. on the concrete, the steel base plate will require an area 






sq- ft., which will be given by a plate 1 ft. 6 ins. by 
1 ft. 3 ins., as shown in elevation Fig. 131 and plan Fig. 132. 
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When very heavy loads have to be oarried npon a poor Hoil, it 
is not aoueaal to construct a grillage foaudation to a staachioD. J 

This consists of two, three, or more tiers of rolled joists bedded on  

and packed between with uement concrete, the projecting portions I 

being calculated as cantilevers. A heavily ribbed cast steel block 1 

I is often inserted between the stanchion base and top layer of 
joists to remove any chance of deflection in the base plate, A 
grillage foundation may be designed for the stanchion calculated J 

above to show the principles, but the steel casting may be omitted  

as the load is so trifling. Assume the soil to be capable of carry- I 

ing only 1 ton per ft. super., the load being 20 tons, then the base 1 

will have to be 20 sq. ft. area, or if square, say, ^ 10 = 4'47, or 
4-ft. 6-in. side as shown in plan Fig. I3S and section Fig. 134. 

The lower joists will have a projection of ^ = 1*625 ft., 

and each will have to resist a total upward pressure of 4'5 X 
^ X 1 = 3 tons, or 1-625 X ^ X 1 — 1-08 tons on the canti- 
lever portion. Assuming them to act as cantilevers, the masinmm 

. ,. , ... . IVL 1-08 X 1-625 _ „„ , ,, 
I bending moment will be —n- = • r: — = 0'88 ton-ft,, 

I then the tabular value = 0'88 X 8 = 7'04, which is given by a 
(B.S.B. S) 4-in. by IJ-in. by S-lb. rolled steel joist. The top 

joists will have a projection of ^ = 1'5 ft., and will have 

to carry two concentrated loads of  ^°^ = 1 ton each from the 

lower joists. The maximum bending moment will then be WL 
+ WL' = 1 X 1-5 + I X 0-7 = 2-26 ton-ft.. giving a tabular 
value of 2-25 X 8 = 18, which wUI require a (B.S.B. 4) 4-in. by 
S-in. by 9'6-lb. rolled steel joist. ' 
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CHAPTER XII 
Various Forub of Rivets and Modes op RivsTiMa — DBBioNiBa 

JoiHTS FOR MaXIHDU EfFICIBMGX 

Rivets and bolts have been called the stitchea hj which con- 
structional work ia put together, rivets being " lock-atitoh," onl; 
removable by being cut oat, and bolta " chain-atitch," easUy 
undone. Riveting may be machine or hand work ; in the ahop 
or bridge yard it ia now almost entirely machine work, either 
steam OF hydraulic portable rivetera being used ; oat on the job, 
hand-riveting ia cuatomary, except on very large works. 

A gang of rivetera conaiata of three men and two boys. 
Two of the men are riveters and one a holder-np ; one of the boys 
is a forge-boy and the other the carrier, the latter being the 
younger. The riveters are paid 68. to 6<. per day, according to 
locality ; the holder-up, it. to ia. Gd. ; boya, la. to 2b. The 
average wages of the gang may be taken as £1 per day. The 
average cost per rivet for piecework is as follows : } in. = Id., 
g in. = l^<f., S in. = l^d. London prices all through will be 
somewhat higher. An efficient gang can put in forty l-in. rivets 
per hour if the platers have the work ready prepared for them. 
In outdoor work the rivets are heated by patting them through 
holes in a plate placed over the hollow of the fire in a small rivet 
forge, so that the shanks may be made red hot while the heads 
are kept cool. Care has to be taken that the rivets are not 
over-heated or burnt, the forge-boy being responsible for thu. 
The platers connect by platers' bolta the parts which are to be 
riveted together, drawing them as close together as posaible. In 
the case of an open joint the riveters flog the plates — that is, 
hammer them cloae to prevent a collar being formed on the rivet 
between the plates. The forge-boy picks the rivets one at the 
time out from the perforated plate, as the riveters are ready, 
throws it on the ground to knock the clinker off, and the carrier 
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runs with it to the holder-up and dips the point in water before 
throwing it down to him. The holder-up then picka up the 
rivet, pushes it through the hole, and holds the dolly against it; 
the riveters then strike on the point, and the first effect is to 
swell out the middle of the rivet, where it is hottest, to fill the 
hole; by that time the heat has crept up to the point, and the 
force ol the hammer knocks it down into a roughly-rounded shape. 
One riveter then holds the snap, or cup tool, on the roughly- 
formed head while the other strikes with the hammer to give it 
a perfect shape. In girder work 
riveting should commence at 
the outer ends and work towards 
the middle. 

There is no difference in 
the general appearance between 
machine- and hand-made rivets, 
except that in machine rivets 
there is more often a trill left 
round the new bead. On cutting 
open and examining the joint, 
a machine rivet shows the hole 
to be much better filled, and, 

testing the two modes of rivet- „,„ ,„- a. . _, „ .. , ,, 

° FlQ. 136. — atoadard proporlion of Pan- 

ing, it IS found that machine head lUvet for i-in. hole. 

riveting is stronger, because of f«1' i36.— standard pioportion of g-in, 
the greater sectional area of the s°ap.hcad uivot. 

rivet and the better grip upon the plates. The only disadvan- 
tage in machine riveting is a greater tendency to hurat the boles 
from the fluid pressure generated at the centre of the rivet, the 
remedy for thia being not to make the rivets quite so hot ; and 
it is essential to keep the cup tool of the machine upon the rivet 
for a few seconds after the rivet is made, in order that a tight 
joint may be secured. 

There is some contusion as to the proper size of rivets; for 
instance, a |{-in. rivet may be 2 in. diameter, when the hole must 
be larger, so as to allow for the expansion of the rivet when red- 
hot, and the finished rivet will be more than | in. diameter and, 
therefore, stronger than the calculated value, but the sectional 
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area of the plates will be reduced by tlie difference in diameter. 
On the other hand, if the hole ia f in. diameter the rivet must be 
less, but the finished diameter of rivet will agree with the calcu- 
lations. There ia no rule as to which method shall be adopted, 
but it would be convenient for the nominal diameter alwajs 
to represent that of the hole. The difference between the 
two diameters varies from g'n in. to i^ in. Mr. Henry Fidler, 
of the Admiralty Works Department, gives the dimensions of 
two standard rivets as shown. Fig. 135 is called "pan head," 
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Fig. 137.— Rivet with Begmeotal Head. Fio. 138.~RiveL witb Elliptical Head. 
Fio. 139.— Bivet witb Pan Head. FlG. 140.— Rivet with Cheese Head. 
Fia. 141. — CouDlennnk Rivet. Fia. 143. — Semi-oount^raank Hivot. ' 
Fib. 143.— Rivet witb Conical Head. 

and Fig. 1S6 " snap " or " cup-head " ; the small curve under the 
head ie important, and requires the arris taken off the hole. 
It is a matter of taste which sort of head is used, and the shape 
is quite independent of the question of diameter. It will he 
observed that for a length equal to half the diameter the point ia 
tapered so that it will enter the hole easily. Fan-head riveta 
are often used in boilor and tank work, but in girder work snap . 
heads are usual. The standard proportions for rivet heads given 
in Molesworth's Pocket Book are shown in Figs. 137 to 140. The 
point of a rivet finished by hammering only is either countersunk 
flush with plate, as Fig. 141, or semi-countersunk, as Fig. 142, or 
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conical, as Pig. 143. The latter is a bad shape for resistiing 
tension, and not often seen at the present day. The asual form 
is the snap head produced by a cupped tool called a " snap " ; 
and FiR. 188 is best, because it has fall strength against tension 
and the minimum projection. 

Many of the published tables are for iron riveta in iron plates, 

•^ -^ -^ -^ -^ 

FIG- 144 

•^ -^ -^ -^ -^ 

Fio. 114.— duOn BivetiDg. 

-$- -^ -^ -^ 4" -$" 

-^ -^ -^ -^ -^ 

Fio. 14G.— Staggered or Zig-isg Biveting. 




nc 146 

Fio. lie.— MinimDm Pitch for Staggered Bireting. 

but steel rivets in steel platee are now customary. The working 
strength of steel rivets has already been given. 

In boiler, tank, and girder work, when more than one row of 
rivets is used through the same piece, there ate two modes of 
placing them: Pig. 144, known as " chain " riveting, and Pig. 146, 
known as " staggered " or " aig-aag." Generally, the hole for a 
rivet must be at least its own diameter away from the edge, and 
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the pitch or distance from centre to centre about 3^ or 3 diameters 
in boiler and tank work, and foor diameters in constractional 
work. For staggered riveting the minimom longitudinal pitch p, 
without weakening the cross-section, oconrg when the diagonal 
pitch D equals the sum of the diameter of rivet d and transverse 
pitch T, then D = d + T, aa shown in Fig. 146 ; also T = D 
— d, and p = VD^" — T*. For example, let T = 2-6 ins., d = 
1 in., then D = 1 + 2*5 = S'5 ins., p = V3'5* — 2-5» = 
^12-25 — 6-25 = VG = 2-45 ins. The amount to tear through 
will then be the same, whether it oeoura straight across or partly 
diagonally, as shown by the thick lines. 

In boiler and tank work there are two kinds of joints, " lap " 
and "bntt"; these, again, maybe "single-" or "double-" 
riveted — that is, with one or two rows of rivets in each, and chain 
or zig-zag ; but in the doable-riveted butt joints there will be two 
rows on each Bide of the joint, and the butt joint may be covered 
by single or doable butt strips^ These are shown in Figs. 147 
to 152. 

These joints should be designed for eqnal reaistaooe to failure 
in each part. An example may be taken of a single-riveted 
lap joint. Let 

d = diameter of riveta in inches. 

p = pitch of rivets in inches. 

t = thickness of plate in inches. 

T = tensUe strength of plate in tons per sq. inch. 

S = shearing resistance of rivet per sq. inch. 

B = resistance to crushing per sq. inch. 

B = resistance of strip of joint of width p in tons. 

TT = Batio of circumference to diameter = 8*1416 or -=-. 

e = efficiency per cent, of solid plate. 
Resistance to tension R = {p — d)tT . . • (1) 

„ „ shearing R = ^ tPS (2) 

„ „ crashing R — dtB (8) 

Equating (2) and (8) 

ldfS = iai.:d = *§ (4) 
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Flo. 14S.~DoiibIe-Blveted L«p Joint. 
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FIO. 149.— Zig-ug-Bivel«d L^ Joint. 
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Fio. ISl.— Doable-BiTeted Batt Joint. 



Fra. ISS.— Zfg-n(-BtTet«d BaU Joint. 
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Equating (1) and (2) 

(p-<B(T = .ii'S.-.ji = |^! + J . . 

Bubstituting in {5) value for d found in (4) 
4 IB (I! + T) 
P = 



%sr 

t = 100 ^ per cent. 

For example : Let I = J in., T = 6^ tona, S 
5 = 10 tone. 

4 X i X 10 

" V" X B 

4 X i X 10 (10 + Sj) _ 

!V X 6 X 6J - 

- 1-27 



 • (7) 
: 5 tons, and 



Then by (4) d = 
and by (6) p = 
and by (7) e = 100 X - 



: 1-27 i: 



'7 per cent. 



Tvhich is the greatest possible efficiency for a single-riveted 
lap joint with steel plates and rivets at working intensities of 
stress. 

Another form of riveted joint occurs when the ends of a bar or 
strap have to be joined, as in a hoop round a dome, or any flat 
tension members in a root, bridge, or other structure. To illus- 
trate the mode of designing such a joint an investigation of the 
strongest form may be made for 9-in. by f-in. steel bars with 
^-in. steel rivets under safe working stresses. The calculations 
will proceed in stages as follows : — 
Safe tensile stress on solid bar 

= 9 X i X 6J = . . . . 21-9376 tons. 
Safe shearing stress on one j-in. rivet in drilled hole 

= -4417 X 5 = 2-2085 tons. 

Safe bearing pressure on one J-in. rivet in drilled hole in 
g-in. plate 

= I X I X 10 = . . 2-81 tons. 

Safe tensile stress on plate through one rivet hole 

= (9 — I) X f X 6§ = . . . 20-11 tons. 

Safe tensile stress on plate through two rivet holes when one 
rivet beyond is under full bearing pressure 

= (9 — li) X t X 6J + 2-81 = . 2109 tons. 
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Safe tensile etreas oa plate through three rivet holes vfaen 
three rivets beyond are under fall bearing pressure 

= (9 - 2J} X g X 6J + 8 (2-81) = 16-45 + 8-43 = 
24-88 tone. 
Safe tensile stress on plate through three rivet holes when 
three rivets beyond are under full shear allowance 

= 16-45 + 3 (2'2085) = . . . 23-08 tons. 

The lowest value for strength of joint as found above is 

30-11 tons. Number of rivets required =  = 9*1 rivets. 

This is BO nearly nine rivets that it will probably be quite safe to 
take that number, and the joint will then appear as Fig. 152a. ' 
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Fig. 162a.— RiveWd Joint for two Bars, 

The strength of the finished jomt may now be tested as 
follows : — 

Safe total shear strength of rivets 

= 9 X 2-2085 = .... 19-8765 tons. 

Safe total bearing pressure of rivets 

= 9 X 2-81 25-29 tone. 

Safe total tensile etresB on plate through first rivet bole 

= 20-11 tons. 

So that the full strength of the joint may be taken as 20 tons, 
least resistance 
atrengtih solid plate 
_ 100 X 19-8765 „„ „ 
= ~2i^-375— =^°«P^'=^°*- 

Before closing this chapter it may be well to give a brief 
specification for structural steel, but reference for further 
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inlonnatioD shoald be made to the BritiBh Standard Specifica- 
tiona, Noa. 18, 14, and 16, for atractoral steel for varioas purposes. 
" All stractaral steel must be manofactured by the open-hearth 
acid process, and must not show on analysis more than '06 per 
cent, of sulphur or phosphoras. Bessemer steel wilt not be 
accepted. The ultimate tensile strength mast be from 28 to 
S2 tons per sq. in., and elongation not less than 20 per cent. 
in 8 ins. Samples must bend without cracking through an 
angle of 180 degs. to an inside radius of 1} times the thickness 
of test piece, either hot or cold, or after being heated to a cherry- 
red and cooled in water at about 82° F. For rivets the tensile 
stress must be from 36 to SO tons and the elongation in an 8-in. 
length 25 per cent." Care mast be taken in considering elonga- 
tions to note whether they are upon lO-io., 8-in., 6J-iD., or 
2-in. lengths, as all of these are found in use, and the elongation 
will be proportionately greater on the shorter lengths. 
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Lattice Girders — -Various Tipeb 

DiAQBAMS 

Lattice GmDERB are much in vogue for carrying the roof trusses 

of rail-way statioiiB, factories, warehouBes, and other places where 

support over long spans is required with the minimum of obBtrue- 

tion to the light. Also for foot-bridges, because their depth 

forms a good protection for the sides, taking the place of a parapet 

wall ; on a larger scale they are used for road and railway 

bridges, and may involve work of the heaviest class. There are 

various kinds of lattice girders ; the simplest is the Warren 

girder, having single triangulationa as in Fig. 153, the stress 

diagram for which under uniform loading is given in Fig. 154. 

The thick lines in the frame diagram indicate compreBsion, the 

thin lineB tension, and the dotted lines no stress. This form is 

frequently used for purlins of long span, the lattice bars being 

placed at 60 degs., and generally forming eight or ten bays ; 

fewer bays are shown here in order to reduce the complication of 

the diagrams. The stress diagram takes account only of the 

loads coming on to the points of support of the flange ; when the 

load is distributed uniformly along the flange there will be a 

bending moment to allow for, in addition to the direct stress, and 

W M 
the ultimate stress will be calculated by the formula -j- ± -^. 

The nest form, Fig. 155, is, perhaps, the type moat often seen, 
but with a greater number of bays ; it consists of a double series 
of triangultttions connected at-the crossing of the diagonal bars, 
which are at an angle of 45 degrees. The stress diagram is shown 
in Fig. 156. Point 8 in the stress diagram is found by observing 
that the load passing through bar 1 — 8 is the whole of load 1 — 2, 
and half of load 3—4. To tell whether a bar is in tension or 
compression, take the junction with a force of known direction, 
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as force 2—3 in Fig. 155, then look at the stress diagram and 
follow cloekwi&e with the bars meeting at that junction, and 
notice the direction in which the line reads with regard to the 
junction point. Thus 2 — 3 downwards, 3 — 12 towards the joint 
(compression), 12—11 same point (no stress). 11—9 towards the 
joint (oompreaeioQ), 9 — 2 towards the joint (compression). Or 




u for Fig. IBS. 



FlQ, IRS,— Frame dia^fram of L»ttlca 

Girder wltb iimple Cross-braciDg. 
Plo. 1G6.— SlreBsdiAgramfor Fig. 1S6. 



take the top left-hand corner of Fig. 155, 1 — 2 downwards, 2 — 9 
towards the joint (compression), 9 — 8 away from the joint 
(tension), 8—1 towards the joint (compression). Inspecting the 
direction in the stress diagram in this way, and marking the 
compression members of the frame diagram is better than mark- 
ing arrow heads upon the stress diagram and bars, as is some- 
times recommended. There is not a very great difference in the 
appearance of the next type. Fig. 157, which has a vertical bar 
at each apex of the triangulation, but these are " redundant 
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members " as regards the Bimple distribution of stress, and the 
actual stresses in the various members will depend very largely 
upon the workmauship. In one of the American treatises on 
graphic statics, twenty pages are occupied in elucidating the 
Btresses by means oE the calculus, but a simple practical method 
is generally adopted of assuming that half the apei load passes 




Fie. 1ST.— FnunediagnimotLHtt 

dtx Willi CroBi-brBciiig and Verticals. 
7m. lES.—StKai diaeram for Fig. 157. 



Fio. 169.— Frame (Hagram of Trellis 
Flo. 160,— Stress diagram for Fig. 1G9. 



through each vertical, making the stress diagram as Fig. 158. 
Point 8 in the stress diagram will be found by observing that the 
whole of load 1—2, | of J load 2—3, ^ of J load 3—4, and i of 
j load 4 — S passes down 1 — 8. The reason for J of j load 2 — 8 
is due to its position ; calculating by leverage | would be carried 
by the left abutment, and \ by the right abutment. Load 4 — 5 
is onder exactly reverse conditions. The stress in 6 — 23 will be 
equal to that in 1 — 8, as the loading is symmetrical. This type 
of girder is sometimes preferred, because it is thought that the 
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vertical bars produce a better distribution of the stress, and add 
to the general stiffness. A very limited uamber of bays has been 
taken in these examples, in order that space may not be unnecea- 
sarily occupied with diagrams, but it is essential that the student 
should work out other examples with varying numbers of bajs, 
aa many new points will arise. In practice it ia usual to 
terminate lattice girders with a plate web, or " pillar," over 




J 

of Lattice Giia 
tor Fig. 163. I 



Fro. 161.— Frame diagram ot Lattica Fig. 163.— Frame diagram 

Qirder with Croaa-bracing and irregularly loaded. 

Load on Bottom Flange. F'<'- 184,-Slcfl8s diagram 
Fio. 182. — Stress (iingram for Fig. 101. 

the supports, so that the diagonal bracing ia usually co-terminouB ' 
with the clear span. The remaining type consists of a multiple 
series of lattices, forming a trellis girder as Fig. 159, the streaa 
diagram being as Fig. 160, but the number ot lattice bars may 
be increased to any extent, with a corresponding reduction of the 
stress in the individual bars. Point 12 will be found by taking 
the load passing down 1 — 12, as the whole ot 1 — 2 and halt of 
5 — 6, and point 13 by taking the whole of 1 — 12, | of 2 — 3, S of 
4—6, § ot 6—7, and i of 8— y. 
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If the load be applied to the bottom flange of a lattice girder, 
the procedure will be very Btmilar, the loads being shown as 
external torcea at the bottom of the girder. As an example, 
Fig. 153 may be repeated with the load on the bottom flange as 
Fig. 161. In the Btreas diagram Fig. 162, bar 1— 8 baa | of load 
5 — 6, and J of 3 — 4, and on completion of the figure it will be 
found that more bars are in tension, and that, therefore, on the 
whole, the girder would be more economical. The (Question of 
cost being often paramount, various types of braced structures 
for a given case may be compared by a method suggested by 
Mr. Thomas Gillott (Trans. 8oc. Eng., 1881). He compares the 
value of different types by taking the products of the lengths of 
the various members by the stress upon them, dividing the sum 
of those in tension by 4 tons per eq. in., and the sum of those in 
compression by 1^ tons per sq. in. The results added together 
will give the comparative weights for each type, and the cost will 
vary nearly as the weight. These figures were given for wrought 
iron, and represent approximately the mean intensity of stress 
on the various members. There will be no appreciable error 
introduced in using the same figures for steel, as the results give 
comparative and not actual weights. 

Some very curious diagrams are occasionally found when the 
loading is irregular. For example, Fig. 163 was given in 
Engineering, January 4, 1895, as the frame diagram of a 
lattice girder carrying a load of 11 tons at one apex on bottom 
flange. The proper stress diagram for this is shown in Fig. 164. 
The dotted lines in both figures show the method of finding the 
reactions by means of a link or funicular polygon, as follows: — 
Set down the load line 2 — 3, and select any pole 0, Fig. 164, and 
draw vectors to points 2 and 3. Then on Fig. 163 across spaces 
2 and 3 draw lines parallel with the vectors — 2 and — 8, and 
join the extremities. Parallel with this last line draw a vector 
from pole to give point 1, thus fixing the amount of each 
reaction 1 — 2 and 8—1. 

A complete design will be given for a lattice girder in the 
next chapter, with the method of determining the formation of 
the joints. 
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CHAPTER XIV 

Debioniho Latxiob Qibdbr roB Sdppobtinq Boor Tbdbbbs — 
Details of Jointb and How Abbivbd At 

An example will sow be taken of a milcl Bteel lattice girder, as 
one of a aeries, for supporting the roof over a factory, say 80 ft. 
or 100 ft. long by 40 It. wide. It is aesamed that the trasses are 
10 ft. from centre to centre and 20 ft. span, so that the girders 
which carry the trusses will be 20 ft. from centre to centre and 
40 ft. span. The horizontal area supported by each truss, whether 
" north light " or otherwise, will be 20 ft. by 10 ft., or 200 sq. ft., 
which at an approximate total load of } owt. per foot auper will 

bring a series of loads of — „- ' = 6 tons each on the girder. 

The number of bays in the girder should be so arranged that 
each trnsB comee upon an apex ; there will thus be eight or twelve 
bays. As the angle of the lattice bars should be about 45 degs., 
eight bays would make the girder 5 ft. deep and twelve bays 8 ft. 
4 ins. deep. The latter size would be preferable, and may be 
adopted. It may also be assomed that two lines of shafting run 
down the factory and have to be carried by hangers bolted to the 
bottom flange of girder. These may be placed under the second 
apex from each end, aay 6 ft. 8 ins. from wall. The load due to 
these shafts will consist of their weight and the hangers and 
plummer blocks, and of the pall of the belte. It is somewhat 
difficult to estimate the amount, bat the engineers supplying the 
machinery will generally give an estimate, which should always 
be an ample one ; it may be taken in this case at 2J tons 
for each line of shafting. If the hangers are bolted between 
two apices the load must be divided between them, and the 
bottom dange stifTened in that bay to withstand the cross-strain. 
The frame diagram will be as shown in Fig. 166, and the stress 
diagram as Fig. 166. The only difficult arising is to know the 
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Btrees in bar 1-8 ; bat it will be found as deacribed io the last 
chapter. It arises from the pull of bar 8-9, which tranamits } of 
2-8. Fig. 167 shows the compreBBion members by thick lines 
and the tension members by thin lines, the amount of streaa 
being marked upon each. Only one-half need be marked, as 
both sides of the centre will be the same. The bars will be 
connected where they cross, so as to reduce the unsupported 
length of the compression members. The calcolationa will be 
as follows : For the first three diagonal compression members 
from either support, with a maximum stress of lO'S tons and 
unsupported length of, say, 2 ft. 4 ina. = 28 ins., try a 4-iQ. by 
S-in. by |-in. angle iron, of which the least width will be 2-4 ins. ; 
then, by Gordon's formula, asauming the struts to be equivalent 
to " fixed one end and romided the other," 

„ / _ 26 _ 

1 I "^(M'~l I ^^ P^" 
^ nq\d) ^iX 8,750 V2-4^ 

per sq. in. ultimate load. The factor of safety = 4 + '06 ('^] 
= 4 4- '06 \j^i\ ~ 4'58, then Trrg = 4'e tons per sq. in. safe 

load. The area = 2-48 sq. ins., therefore the total safe load 
= 4'8 X 2'48 = 11'9 tons, ao that this section will be aufficieni 
For the next three diagonal compression members on either side, 
with a maximam compression of 8*6 tons, and unsupported length 
of 28 ina., try a 2J-in. by 2j-in. by -^in. angle iron. Then 

= 19-7 tons 



/ 



" 1-82 



1 I "fM'~i I ^'^ f^V 

per sq. in. ultimate load. The factor of safety = 4 + *06 ( j j 
= 4 + -05 (^) = 4*77, then ^ = 4-18 tons per sq. in. aafe 

load, and as the area = 1*47 sq. in. the total safe load = 4*13 X 
1*47 = 6 tons. This is nearly double the value of the maximum 
stress in the bars, but the seotion should not be smaller owing to 
the eize of the rivet holes required through them, and the necessity 
for keeping up a certain siae to resist corrosion, which is more 
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disastrous on a small section. For the first three diagonal 
tension members from either support with a maximum stress of 
10"5 tons, try a 4-in. by ij-in. fiat bar. Then the sectional area 
deducting one f-in. rivet hole = 1*625 sq. ins., and at 6^ tons 
per sq. in. the sate load = 1'625 x 6J = 10'56 tons, so 
that this size will be just enough. For the next three diagonal 
tension members on either side, with a maximum streBS of 8'5 
tons, try a 2^-in. by ^'^-in. flat bar. The sectional area less 
one rivet hole = 0"547 sq. ins. and the safe load = 0*S47 X 6J 
= 8'65 tons, 80 that this section will be suificient. 

The lower flange has a maximum tension of 85 tons, and 
ftt 6J tons per sq. in. will require to have a net area of 

-_ = 5'4 sq. ins. The largest standard tee section is 4 ins. by 

5 ins. by ^ in., which has a sectional area of 4*25 sq. ins., then, 
deducting two J-in, rivet holes from the flange and one from the 
web, the net sectional area left = 4-25 - (3 X f x J) = 3-125 
sq. ins. This is not suf&cient, and a 6-in. by j-in. plate must be 
added, the area less two rivet holes being 6xJ — (2x|Xj) 
= 2-25 sq. ins., making a total of 3-125 + 2'25 = 5-87S sq. ins., 
which is practically the figure required. The tee section alone 
less one rivet hole will be capable of resisting a tensile stress of 
3*875 X 6'5 = •25'2 tons, so that the extra plate need not he 
continued over the whole span, but may be stopped three bays 
from each end, as the stresses in these bays are less than 25'2 
tons; it must, however, run beyond the joint, in order to secure 
its efficiency for the previous bay. The hangers for shafting 
mnst be bolted up through rivet holes when they occur in a 
convenient place, otherwise they must be bolted by clips so aa 
not to weaken the Hange. 

The same section with plate may be tried for the top flange, 
which has a maximnm stress of 82'5 tons and an unsupported 
length of, say, 10 ft. — that is, the distance between the roof 
principals supported by the girder. Then 

_ ■/• 26 ^ _ ,7 

P " ni (tY~ 2-5 / lO X Vi y ~ 1-53 ' 

^'^ nifKii) '•' M 3,750 I 6 / 

tons per sq. in. ultimate load, the factor of safety = 4 + '05 
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( ^ j = 4 + 'OS ( jv- 1 = 5, therefore the safe load per aq. in. 

17 
= ■— = S'4 tons. The top flange Ib id compreBaion, and the 

rivet holea need not be deducted, bo that the area = 4*25 + ^ 
= 7-25 8q. ins. and the total safe load = 7-25 X 3-4 = 24-65 
tons. This is not enough to take the maximum BtreBB, and the 
addition of another 6-in. by ^-in. plate may be tried. The length 
and least diameter are not altered, so that the safe etreas per sq, 
in. will be 3'4 tons, as before, the area = 4'25 + 3 + 3 = 
10-25 sq. ins., and the total safe load 10-25 X 8-4 = 34-85 tons, 
BO that this eection will be Bufficient. It will be seen from the 
BtresaeB marked on Fig. 167 that the inner plate may obvioualy 
stop abort one bay from each support, and the outer plate may 
Btop three baya from each support. 

The end vertical members have a streis of 2*6 tons, and 
unsupported length of 3 ft. 4 ins. = 40 ins., and a 2j-in. by 
2J-in. by ^-in. angle section may be tried. Then 

/ 26 26 ,__-, 

^ nq\d/ ^i X 3,750 \ViiJ 

per sq. in. ultimate load, factor of safety = 4 + '05 (ttu) = 5-1, 

therefore safe load = = 8-09 tons pet Bq. in. Area of 

aection = 147 sq. in., so that the total safe load = 147 X 8'09 
= 4-54 tons, which is more than enough, but, for the reaaona 
previously stated, this should be the amalleat size adopted, and 
they would generally be pat in duplicate as shown. 

The next step in the calculations will be the riveting ; area of 
J-in. rivet = 0-4417 sq. ina., at 5 tons per sq. in., single shear, 
each |-in. rivet will take 5 X 0-4417 = 2-2 tons. Therefore 

members with a stress of IQ-B tons will require -^^^ = 5 rivets, 

7-0 
members with a stress of 7 tons^;^ = ss-y, 4 rivets, and members ^ 

with a Btresa of 3'5 tons, ^r^ = say, 2 rivetB. It will be seen 
that in order to keep the joints as compact as possible, the least 
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allowable pitch of rivets shoald be 

adopted where convenient. Another 

limiting rule is that all rivet boles 

Bbould be at least one diameter awaj 

from the edge of section, so that with 

f'in. rivets the centre of rivet must not 

be less than J + f = IJ ins. away 

from edge of section, and where more 

than one line of rivets is required in 

tension members, the diagonal pitch 

must be proportioned as previously 

explained. Theoretically, the centre of 

gravity lines of the various members 

5 meeting in a joint should intersect in 

5 one point ; but this is Bometimea a 

'5 little inconvenient, and no great harm 

9 will ensue in the production of aecon- 

5 dary stresses if the centre tine of a 

"^ compression member is adopted instead 

^ of the centre of gravity line. In the 

[ case shown in Fig. 166 the centre lines 

^ ot the tension and compression mem- 

g bers intersect on the centre of gravity 

■^ line of the flanges. 

The frame diagram represents the 
skeleton of the structure, and in cloth- 
ing the skeleton the alteration in 
dimensions must be noticed. The inter- 
section of last lattice bar at each end 
will be about Ij ins. from the face of 
wall, then 40 ft. minus twice IJ ins, = 
39 ft. 9 ins., making the actual width of 
each bay 3 ft. 3f ins., which will also be 
the depth between the centre of gravity 
lines of the flanges. The distance to 
bottom of flange being 1-6 ius., the 
total depth of girder on the outside 
the teea will be 3 ft. 8| ins. + 3-2 ins., say 3^. = 3 ft. 7 ins. 



^ 



LATTICE GIEDEE FOE ROOF TRUSSES 121 

The load at each support will be 10 tons, and allowing 15 tons 
per aq. ft. on the York atone template, the bearing area required 
wiU be 10 tons — _ ^.gg j^ ^^ ^^^ bearing plate 

15 tons per aq. ft. ^ " '^ 

IB 6 ins. = 0-6 ft. wide, the length required = -^ = 1'33 ft. 

= 1 ft 4 ins., &nd the stone may be IS ina. aquare by 9 ins. 
deep. 

The arrangement of the joints muat now be sketched out, and 
the elevation of the end of girder drawn to a fairly large acale, 
as in Fig. 168. The remaining joints, where any difference 
occurs, will be drawn out as Figs. 169 to 172. The whole girder 
will then appear as shown in half elevation Fig. 173. It must 
be noted that it is not usual to proportion the lattice bars exactly 
to the stress ; there should be as much repetition as possible in 
the aizes, to avoid expense, and in this case it will be seen that 
only one change is made. These girders are generally Gniahed 
off with a web plate at the enda as shown, which ia sometimeB 
built into a pocket in the wall. 

As the tees are more than 40 ft. long, there must be a joint 
in each. These can be in bay 21 for top flange and 31 for 
bottom flange. The sectional area cut through by the joint = 
4J sq. ins. A 6-in, by |-in, plate on top, and two 3-in, by |-in. 
plates on the web will give 4^ sq. ins., but the tee will be reduced 
in strength in the tension flange by the end rivet boles through 
web. It will be seen from Fig. 167 that the stress in this bay 
is 30 tons, while the flange is designed for the stress of 35 tons 
which occurs in the adjoining bay so that it will bear the lose of 
the rivet bole. 
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TraVBLLINO CiuN£S AMD BoLLING Lo&DS — StBESS DiAORAHS FOU 

Rolling Loads — Lattice Stanchions 

A BiMi'LE case of a rolling load occurs when the girders for on 
overhead travelling crane at a power station are carried on piers 
against the side walls, as shown on the right-hand side of 
Fig. 174 A. Assume the load to be lifted to be 5 tons, the width of 
building between the centres of girders 35 ft., and the span from 




HAND- TRA.VEUNC CRANE 

BROWN HOISTING MACHY C? ' 



Fill. 174 A.— Sketch uf a Hand TraTclliug Crane bj the Brown 
Hoiating Mucliiuery Co. 

centre to centre of piers 16 ft. The lifting crab will weigh about 
'75 ton, and the travelling girders carrying it about 8 tons, mn- 
ning on two wheels at each end about J span, say 6 ft. centres. 
The surging ot the load due to the slipping of the sling chain, or 
to the sudden starting of the crane in lifting, or stopping in 
lowering, will have a varying effect up to a masimum of double 
the load, but generally 1^ times is sufficient to allow, and the 
S-ton load will, therefore, be considered 7J tons. The crah 
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may be at any point of the span ol the tFavelling girders, bo that 
the whole load with the weight of crab and half that of the 
travelling girders will have to be taken as coming upon the wall 
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girders. This will give, Bay, 7'5 + '75 + „ = 975, say 10 tons 
at each end, or = 5 tons on each wheel, and the resultiug load 

diagram will be as Fig. 175. The bending moment diagram, to 
show the effect of the loads croaBing the entire span, will then be 
constructed as shown in Fig. 176, and the shear diagram for the 
same complete passage ol the loads will be ae Fig. 177. 
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The maxinmm bending moment occurs ^^ a ~ i^^ ~9 — Z^ 
1 6'6 ft. bom either eapport, and — j \w {I — x) — -^ ''f~Tfl' 
S6'4 ton-ft. The uniformly dia- 



8 itf _ 8 X i 



16 



: 13-2 tons 



jlO (16 - 6-5) - ^ X 6} = a 

tributed load to produce this = ^4^ = 

on a Bpan of 16 ft. requiring a (B.S.B.21) 12-m. by 6-in. by 
44-lb. rolled Bteel joist, which has a carrying capacity of 16 
tons on thiB span. The extra bend- 
ing moment due to the weight of 
girder may now be added to the 
bending moment diagram, the maxi- 
mum ordinate in the centre being 

!«i! = sihX '6' = 0-63 ton.ft.. 
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or 0'6 ton-ft. at the point of the span 
vertically under the previous maxi- 
mum bending moment. The maxi- 
|:mum bending moment would then be inereaBed to 27 ton-ft, and 

r 8 j1/ 8 X 27 

the equivalent uniformly distributed load = —j- =  — ^a — 

= 18"6 tons, BO that the 12-in. by 6-in. by 44-lb. joist still has a 
good margin. The standard joint for this size joist is shown in 

I Fig. 178, and this should always be arranged to come over a 

I support, otherwise the lower dange would require to have a cover 

< plate also. 

Lattice stanchions are sometimes adopted when not required 
to be covered in, the simplest being formed of two channel bare 
connected by plain tie plates, aa shown in Pig. 179. When 
greater stiffness is required, diagonal lattice bars are used at 
SO degs. or 45 degs. from the horizontal, as shown in Fig. 180. 
The lattice bars are usually flat, but when extra stiffness is 
required they may be of angle section. Double lattice bars as 
Fig. 181 are less often seen, and sometimes they are used with 

. horizontal bars between, as Fig. 182. The plan Fig. 183 will be 
Knunon to all these elevations. Lattice stanchions may consist 
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no. 179 



Fio. 179.— Lattice BtBochioii □( CliBRnel tlections and Horizontal Strap Burs. 
Fto. 180. — Lattice Stanchion with Lullice Ban at 30 dega, from horizontal. 
Fia. 181. ^Lattice Btanchioo with Double Lattice Bars. 
Fig. 183, —Lattice Staacbioo with Double Lattice Bars aoiJ Horizontal Ties. 
FlQ. 1B3.— Section apply iag to Figa. ITS to 182. 

of four angle bftrs, with lattices on all fotir sides, as in Figa. 184 
and 185. The ends of lattice stanchionB are generally finished 
off with a Bolid plate on each side, 
equal in depth to the width of stan- 
chion, with an angle bar on each to 
make a flange to receive the top plate, 
as shown in Figs. 185 and 186, but 
they are not generally used for more 
than one storey, and the top should 
be kept small when a girder rests upon 
it to avoid the danger of eccentric 
loading. The bottom would be con- 
structed in a similar manner with the 
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detail according to the foundation it rests upon, as shown in 

Figs. 187 and 188. 
Assume a lattice Btanchion to be required, open all round, 
18 ins. square, to carry 70 tons 
and to be 20 ft. high. For a 
trial section allow 5j tons per 
sq. in. compression on the angle 
bars, as the great width of stan- 
chion will render it very stiff, then 

70 

-. =~= = 318 aq. in. sectional 

area of each. This is given by 
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Fio. 186,— ElevBtion of Angle and 

Lattice-bar BttinchioD. 
FiQ. 1B6,— Plan on top of ditto. 



Fio. 187.— Plan of base of Angle snd 
Lattice-bar BtancMon. 
Fio. 183.— Elevation of base of ditto. 
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8J in. X 8Jin. X i in. angle, which equals 3-25 sq. in. Taking the 
stanchioo as a whole, and aeeuming both ends fixed, the safe 
stress by Gordon's formula will be 

m- I - 6i_ 



^+5(^y 



1 + 5 



1 






: 5"91 tons 



i X 8,750 V 18 
per aq. in., and the total safe load will be 5-91 X 3'25 X 4 = 
76'8 tons, which leaves a small margin above the load to be 
carried. The atrengtb of the unsupported length oE one angle, 
assnming both ends fixed, and the lattice bars 16 ins. apart, 
most also be taken by Gordon's fonnula, then 
/ 6J_ 



W = -~ 



- 6-31 tons 



'■'^ nq\d/ ~^ i X 8.750 ^28/ 

per sq. in. safe stress, and the total safe load on each angle 

6*S1 X 8'25 = 20*50 tons, whereas the load to be carried by 

70 
each angle = -7- = 17*6 tons, bo that there is a good margin, 

and the lattice bars might have been placed at a steeper angle 
to leave a longer portion of angle bar unsupported. Redpatb, 
Brown & Co. give a formula for calculating the spacing of the 
diagonal bars in lattice stanchions, as follows : — 

L = height of stanchion in inches. 

R = radius of gyration for one channel. 

S ^ maximum spacing of lattice bars in inches. 
„ i? min. X V 

and state that the spacing given by this formula is much in excess 
of that adopted in practice. It is, in fact, so much in excess 
applied to ordinary cases that it is difiGcult to see where its 
utility comes in, and we cannot use it here, 6. L. Bilderbeek 
gives a formula for stresses in lacing bars in "Engineering 
Record," but the information accompanying it is insufficient to 
enable it to be used, so that until some reasonable formula is 
forthcoming the lattice bars must be designed by personal judg- 
ment. Ai a maximum they would be made equal in section 
to one side of the angle bars, or to one flange of a channel bar. 
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bat probably half of this sectional area woald be snfficieat in 
ordinary circomstiances. In the present case S^ ins. by | in. 
would be the maximum, and, aay, 2j ins. by g in. the more 
suitable size. A SJ-in. by ^-in. bar minus one j-in. rivet would 
have a sectional area of l'S76 sq. in., which at 6J tona per sq. in. 
would allow for a tension of 1-S76 X 6*6 = 8*94 tons. A |-in. 
rivet in single shear is worth 2*2 tons, so that, to give equal 

strength in all parts, with 8J-in. by J-in. bars, -ttq- = 4 rivets, 

would be required in each end, necessitating gusset or joint 

plates. A 2J-in. by g-in. bar, less one }-in. rivet, would have a 

sectional area of '66 sq. in., which at 6J tons per sq. in. would 

4*29 
allow for a tension '66 X 6*5 = 4-29 tons, then -=-^ = say 2 

rivets in each end. This could not be done without small gusset 
plates being added which it is desirable to avoid, and it is 
useless to make the bars themselres stronger than their con- 
nections. These bars might, however, be in compression, and a 
2|-in. by |-in. bar, 1 ft. 4 ins. long, would only resist 



1 + 



^^5"% -"^^- 



(¥) 



i X 3,760 V 

if taken as equivalent to one end fixed and one rounded, and one 
} in. rivet will be sufficient. 



(ibyGoOt^Ie 




Cast-ikon Stanchions and thbis Safe Loads — Cast-ieon Hollow 

COLOMNB AND THEIR SaFE LoADS — LoNDON BuiLDIKO AcT 
AUBNDUENTS, 1909 

Cast-ikon stanchioDB or story posts are still used where 
foundry work is cheap, especially in smsll warehouses, and 
mills where attachments are required for countershafts. For 
large warehouses and buildings of several floors they are, how- 
ever, iiot 80 good as mild steel stanchions, particularly where 
Bteel girders are used in the floors, as they are not so readily 
connected to secure the stability of the building. The behaviour 
of the two materials in a fire is instructive. Cast-iron remains 
rigid, and resists the effect of fire until it reaches practically a 
melting temperature, but if water is played on it while red hot 
it is very apt to crack and fly. Mild steel, on the other hand, 
loses its strength and bends as soon as it gets red hot, dragging 
down the floors and wrecking the whole building. It is very 
desirable that all structural ironwork should be protected from 
fire, especially where the stability of the building depends 
upon it. 

The calculation of cast-iron stanchions is very simple, and a 
small example may be taken to illustrate the method. A -f- or 
H section is used when the stanchion is detached, and a channel 
or ui section when against a wall. Assume a detached stanchion 
of plain + section, 10 ft. high, to carry a load of 26 tons. The 
width across the arms should be between i^th and ^th of 
the length, and the thickness of metal from Jth to -^^tb of the 
width. As the load is rather small let the width be i^th 
length = li ins., and the thickness, say 'i in. ; the section will 
then be as Fig. 189, which shows the engineer's section, or 
Fig. 190, which shows the architect's section ; but the latter has 
many objectionable features. 
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It is mosi: desirable in cast-iron work to h&ve all angles 
loonded, especially internal angles, as the crystals in cooling 
arrange themselves perpendicular to the surface at which the 
heat escapes, and any square angle gives a bad mitre of the 
crystals, and encourages fracture at their junction. 

The width over the arms will not be the " least width," aa, 

vith 7} ins. over the arms, the least width will be 

— -rr = , ., ; = 5*8 ins., and the sectional Eirea, allowing the 
Va 1"414 

material added by the internal curves to equal the material 




lost by the external curves, equals 2 (7'5 X "76) — '75' 
10'69 sq. ins. The following table gives the approximate i 
load in tons per sq. in. upon cast-iron stanchions. 



1 Cast-iboh Stanchions. 



Safb Load i 

Up to 8 diameters long = 5 tons per eq. 
10 „ =4 



„ 13 


= 3 „ 


,. 16 


= 2J „ 


„ 18 


= 2 „ 


.. M 


= 1J „ 


„ 82 


= 1 .. 


„ 40 


= 1 ,. 


,, GO 


= i „ 
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The ratio of length to diameter over arms being 16, the aafe 
load will be, say, '2*3 tons per sq. is.; then the sectional area 
Iwing 10-69 sq. ina., the safe load will be 1069 x 2-3 = 24-94, 
lay 25 tons. If the aafe load had not come out at the desired 
tmount the thickness of arma would be altered to adjust the 
Weotional area to give the safe load required- The actual strength 
|of the stanchion of these dimensions must now be checked by 
(Gordon's formula, allowing a factor of safety of 6. Had the 
Btanchiou been over 26 diameters long a factor of safety of 10 
would have been desirable. 
The tpotal breaking weight by Gordon's formula = 
/A _ 86 X 10-69 



P=- 



1 + ; 






1 + 1 



/ 10 X 12 
)\ 5-3 



3 = 162-4 tons, 



162-4 



X 750 \ 
ftnd, allowing a factor of safety of 6, the safe load will be - 

say, 27 tons, so that the section adopted will be jost 
Bafficient. 

When a stanchion is designed for the full load applied axiallj, 
imd only sufficient metal provided for that purpose, there will be 
considerable risk of failure from unsymmetrical loading, even 
by a comparatively small portion of the load, when it is super- 
imposed on one side of the stanchion. In the present case the 
stanchion will be stressed to its full working capacity by a load 
on one side of only 1'76 tons. This is found as follows. 

fV M 

The working limit is 2'd tons per sq. in., therefore -i •\- y 

s= 2-8. The area = 10-69 sq. ins., the bending moment = 



,10 + 7i 
2 



(See Fig. 191) = 8*75 IF, and the section modulus 

iX(7iy + 6|x(|) '' , 

6 X 7J 
: 2-3, or -093 IF + 1-23 W = 



lee Fig. 189) 
W , S-75W 
1069 
■whence 1-823 W = 2-3, or W 



= 7-1 ina. 



GD 
Imdia. Then ,-^ + _ ^ 

1-76 tons. 
might be expected on one side of the stanchi 

that side were fully loaded would be -^ — 12^ tone, whereas, 

from the above calculation, it will be seen that only 1'76 tons 



The half load that 
if the floor on 



132 THEORY AND PRACTICE IN DESIGNING 

could be safely bo carried. This is a very aerious matter, and 
indicates a source of danger that few people are aware of. 

The weight of stanchion being, say, J ton, the total load to 
be carried by the base will be 25 + J = 25'25 tons. Assuming 
the east iron base plate to rest on 1 : 4 : 8 concrete capable of 
bearing 9 tons per square ft., the area of base plate reqnired 

■will be — q— = 2*8 sq, ft., or, say, 1 ft. 8 ins. square. It Ib 

generally advisable to make up for the section removed by the 
bolt holes in the base plate by adding a raised boss, as shown in 
Fig. 196, so that the section across the plate through the hole 
remains of the full original amount. 

A distributed load is transmitted from the cap and base plate 
most directly by plain hollow curves, as shown in Fig. 191, but  
for architectural effect the outline is sometimes varied, as shown | 
in Figs. 192 to 195. The elevation of the stanchion may now be I 
drawn out as Fig. 191, plan of base as Fig. 196, and plan on top 
as Pig. 197, which shows the socket for stanchion on upper floor 
and two side supports for floor girders. 

An example may now be taken of a hollow cylindrical cast-iron 
column 20 ft, high to carry 20 tons. The external diameter of 
the column will often not exceed ^I'^th of the length, and should 
not be less than ^^tb in extreme cases. The thickness of metal 
may vary from ^th to I'^th of the external diameter, but as a 
general rule columns of 6 ins. diameter and over should be not 
less than J in. thick, and under 6 ins. diameter not less than 
^ in. thick, but in London the building regulations do not 
permit of any leas thickness than J in. for hollow cast iron 
columns, or ^^^th diameter, whichever is the greater. 

For architectural effect, with a modicum of scientific basis, , 
circular columns are generally increased in diameter towards the ' 
bottom, hut the least diameter is taken into account in the 
calculations of strength, although probably the diameter half- 
way down would give a result nearer to the actual strength. 
Assume the column to be 7^ ins. diameter at the top, with 
J in. thiokness of metal, then the area = -j (£»* — tP) = 
?^^ (T5'' - 6») - 15-9 sq. ins. The following table gives 
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naxi! 







FlO. 191,— Bfeyation of SMnchioa, Fios. 182 to 195.— MetUods o( 
FlniRhing Heodfi of Btanchiona. Fig. 1:16.— Plnu ot Base of SUncbioa. 
FlO. 197. — Plan on Top of Stanchion. Fig. 198.— Elevation of Hollow 
Ciroutar Cwt-iron Coliiniu. Fio. 139.— Plan of Base of Column, 
Fia. SOO.— Fliui on Top of Colamn. Fig. 301.- Ualf-Bcclion through 
Column. Flo. 203,— Plan of Base of Colnmn in two parts. Fio.203.— 
Section of Base Column io Iwo parts. 
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the approximate safe load in tons per sq. in. apon hollow caeV 
iron colunms : — 

Bafh liOAD OK Hollow Cabt<ibon Goluhns. 
For a thicknees of -^th diameter : — 

Up to 10 diameters long = 6 tone per sq. in. 



10 „ 16 


„ = 4 


16 „ 20 


„ = 8 


30 „ 26 


„ =2 


26 „ 30 


„ =1} 


80 „ 36 


., = i 


the preBeQt case 


the colonm will be 



- = 82 diameters 
long, and by interpolation from the above table the safe load will 
be, say, 1-26 tons per aqaare inch, and the area being 15-9 sq. ia., 
the total approximate safe load = 16*9 X 1*26 = 19-86, say 20 
tons, but the actnal safe load will probably be considerably higher, 
as approximate rales sboold always be well on the safe side. 

The safe load for a colnmn of these dimensions may now be 
worked oat by Gordon's formola ; then 

_ fA 86 X 15-9 



1 + : 



Ad) 



1 + 



t X 12 y 



: 800 tons; 



IJ X 750 \ 7-5 
the factor of safety in this case may be taken as 10, and the safe 
load will be -^ — 80 tons, which gives a good margin. 

By the London Building Act Amendments of 1909 cast-iron 
pillars with both ends fixed may have a working stress not 
exceeding that given in the table on p. 196. 

The radius of gyration r — »j j and for a hollow cylindrical 

: :^ (Z)a _ d^, therefore ~ 



(D* - d*) 



-, (7-6» + 6") = 



. (D* + iP), which for this column : 



- = 5'76, whence r = 
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Cast-iron Fillarb 



BatlootL«DgtlitoL«sb 
Ridlu or Omdoa. 




p«r m, in. 


20 


4-5 


80 


4-0 


40 


8-6 


60 


SO 


60 


2-6 


70 


20 


80 


1-5 



and the ratio of length to least radius of gyration 



20X12 



= 100, 



which is beyond the limits of the table ; but, following in the 
same ratio, the allowable working stress will be, say, 0'5 ton per 
square inch. The sectional area of the column is 15'9 sq. in., 
then 15'9 X 05 = 7-96, say 8 tons, safe working load. When 
these regulations were being drawn up the London County 
Council were charged with requiring an excessive amount of 
material in the various parts of a structure, and this illustration 
partly confirms the view stated, but when the risks of unequal 
loading are considered, perhaps the London County Council are 
not BO far out. To conform to their regulations the thickness of 
metal would apparently have to be increased, but this cannot be 
determined directly, as the radius of gyration will alter with the 
thickness, and trial muat be made. Try 1 in. thick, then 



r = y ;[ = VT"l>TiW) = v^ = 



for ratio of length to radius of gyration, making the safe load = 
say, 0'4 ton per square in. The area = '7854 (7"5^ — 6*5') = 
20-42 sq. ins., 20-42 x 0-4 = 8-17 tons. This slight gain is dua 
to the increased thickness reducing the radius of gyration and 
the extreme case would be to make the column solid, when the 

radius of gyration would become */ib -D^ = iD = J x 7'6 = 

1*875. Then the ratio of length to radius of gyration will be 

— TToSi- = 128, which runs beyond the range at which the 
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table can be made to Bpply,.makuig it appear that a solid 7J b. 
column IB weaker than 0Q6 of the same external diameter and 
I in. thickness. In other words, the thinner the column the 
greater the stress per sq. in. which ma; be pnt upon it. It will 
thus be seen that to conform to the London County Council 
regulations there is no alternative bat to increase the diameter. 
Try 8} ins. diameter and f in. thickness, then 

*• = v/A (8*6' + 7") = 2-76, and the ratio - = ^"^/^ = 87-2, 

which gives an allowable stress of, say, 1*14 tons per sq. in. 
The area = -7854 (8-5" — 7*) = 18-26 sq. in.; therefore the 
total safe load = 18-26 X 1-14 = 20-82 tons; bo that this 
section would be just sufficient. 

The weight of the column will be approximately | ton; so 
that the total load will be 20*76 tons, and, assuming the base to 
rest on 1 : 4 : 8 concrete, as before, the area of base plate 

required will be ^ = 2-S eq. ft., and, allowing for loss of 

area from a 6 in. diameter hole in the centre, will require to be, 
say, 1 ft. 7 ins. square. The elevation of the column will be as 
in Fig. 198, plan of base of column as Fig. 199, and plan on top 
of column as Fig. 200.- It should be noted that when Sutw or 
mouldings are used on a colnmn the decorations must be extra 
over the thickness of metal required to take the load, and the 
metal must as far as possible be kept of uniform thickness, as 
shown in the section Fig. 201. 

The base plate may be detached from the column and bolted 
on, with machined faces as shown in Figs. 202 and 208, particu- 
larly in the case of large columns. The outer edge of base plate 
may be stifFened by a raised rib, as shown in these figures. 

StaDchions and columns should be cast vertically with a 
" sullage head," that may be cut off after the metal is cold. 
This is to ensure the absence of honey-combing in the casting, 
from babbles of gas rising to the higher side when cast horizontal. 
Ironfounders generally claim that an angle of 80 degs. complies 
with this specification, on the plea that if it is not horizontal it is 
more or lest vertical. 
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CHAPTEE XVII 

mo Cast-iron CANTiLETEEa and Girdebs dndes Vabiohb 
LoADiNa — Girders fob CiBnyiNo Machineey 

Cantilbvers of wrought or cast-iron, or pieees of rolled joist 
Dsed as cantilevers, are commonly employed to support galleries 
and balconies. There is do difficulty in designing them, but the 
fixing involves some interesting points. Assume that cast-iron 
Eantilevers, projecting 6 ft. from an 18-in. brick wall are required 
Bt intervals of 10 ft. to carry a distributed load of IJ cwts. per 
b. super., which will be sufBeient to include the structural load. 
The load on each will be 6 X 10 X 1^ = 90 cwts. = 4-5 tons. 
!the load diagram will be as Fig. 204, and the bending moment 
diagram as on the right of Fig. 205. The bending moment 
diagram follows the construction for a cantilever with a dis- 
tributed load over part of its length, the bending moment at A 
[Fig. 204) will be 4-5 X (f-|- '25) = 14-625 ton-ft., set up at 
I b Fig. 205. Join b to c, which is the centre of the length 
iccupied by the distributed load, and from the inner face of 
trail d set up a perpendicular d e to meet b c in e. Then con- 
Itruct a semi-parabola with a length d f and depth d e, giving 
the complete bending moment diagram as a 6 ef. Cast-iron is 
BIX times an strong in compression as in tension, and theoretically 
the flanges Bhould have a sectional area inversely proportioned 
to the strength of the material; but to allow for practical con- 
tingencies such as honeycombing in the small flange, it is usual 
to make the sectional areas in the ratio of 1 to 4. The tension 
Bange alone is subject to calculation, the working stress allowed 
for dead loads being 1^ tons per sq. in. In this case the 
maximum bending moment is 14'625 ton-ft., and if the total 
iepth be made 12 ins. the mean depth will be, say 11 ins. and 

14-625 



Ale sectional area required for the bottom flange will b 



Hxii 



: 10*6 sq. ins., and, as the thickness may be from |th to ^th 
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Fla. 204 — Load D agnun for CnJitilevor, Hhowjng the rcActiong o 

Wall tio 205— Bending Moment Diagram (or Fig. BO*, showing 
the Diatnbution of fitreng over the WalL Fio. 206.— SecUonal Plan 
of Cast-iron Cantilever. Flo, 307.— Croag Section ot CantQcver with 
Wide Flanges, Fia, 208.— Elevation of Cantilever. Fio. 209.- Plan 
of Cantilever. 

of tha width, it will be, say, 10 ins. by 1^ ina. To enable the 
pattern to be drawn oat ol the Band in moulding, the flange may 
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be tapered § in. on the inside, making the thickneBB at the edges 
1 in. and in the centre IJ ina. The compreBsion flange, with a 
sectional area of one-fourth the tension flange, will contain 
2'65 aq. ins., and a eaitable size would be, say, 3 ins. by 1 in. 
The web, which takes all the shear, is not proportioned to the 
sheariDg stress, as there will always be ample material. The 
consideration which determines the thickness of web is the thick- 
ness of flanges, as it is essential in a casting, while keeping every 
part as light as possible, to have the thickness fairly uniform 
throughout, to obtain an equal rate of cooling and avoid initial 
stresses. Generally the web is made § to J the thickness ol 
tension flange, say J in. The internal angles of a casting should 
have curved fillets of a radius equal to J or f of the parts joined, 
say, in this case, all i-in. radius. 

The end built in the wall should be formed like a box, to gival 
stiffness to the cantilever at the pact where the greatest stress ^ 
comes, and to give a wide bearing surface. A sectional plan on 
bottom is shown in Fig. 206, the dotted lines indicating the 
tension flange. Cantilevers are very often improperly fixed, 
because the principles are not understood, and it is more by 
good luck than good management that failures do not more 
often occur. It will be seen, on looking at the bending moment 
diagram, where the pressures on the wall are shown to the left 
of the bending momenta, that the cantilever tends to rotate upon 
the centre of the wall, the pressures varying from zero at the 
centre to a maximum in opposite directions at each outer face. 
The pressures will vary as ordinates to triangles, and the centre 
of pressure will therefore be at one-sixth of the thickness from 
each face. The prassuree will be calculated by leverage as follows : 
4'5 tons load X 3 ft. 8 ins. leverage to centre of pressure at front, 
divided by 1 ft. leverage to centre of pressure at back, equals 
14'626 tons upward pressure at back, then 4*5 tons on one side 
and 14'l)25 tons on the other give a total reaction or downward 
presaare near inner face of wall of 19'125 tons. It is possible 
that this is not the exact distribution of stress, but it will be 
approximately correct. When the pressures vary as ordinates 
to a triangle the maximum pressure will be double the mean, and  
therefore, with a total of 19*125 tons spread over -75 It. X i§ fl 
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Q y 19*125 

the maximum pressure will be  ,_ i^ = 61"2 tona per eq. ft. 

This ebowa that it will be desirable to considerably widen the 
wall-hold of the cantilever, and it may be increased to 18 ins., 
as Bhown in the section Fig. 207. The maximum presBure will 

then be — - ; = . = 34 toDS per Bq. ft., which is Btill a very 

high pressure for Tork stone, but may be permissible with selected 
material of good thickness. The front template ehould, there- 
fore, not be less than 2 ft. 6 ins. long by 12 ina. wide by 9 ins. 
thick, the extra S ins. width being allowed to project, with 
chamfers on the top and bottom edges, or, better still, made 
2 ft. 7j ins. long and 13J ins- wide, chamfered 3 ins. on top and 
supported by a 2 ft. 7J ins, by 4^ ina. pilaster below, as shown 
in elevation Fig. 208 and plan Fig. 209. The top-bearing stone, 
having less pressure to reeist, may be made 2 ft. 6 ins. long by 
9 ins. wide and 9 ins. thick. The theoretical outline for the 
elevation of a cantilever for a distributed load would follow the 
bending moment diagram, but practical considerations call for a 
modification as shown by Fig. 208. When a piece of rolled steel 
joist is used as a cantilever, other pieces of rolled joist may be 
used ihatead of stone templates to distribute the pressure along the 
wall, and where there is an insufficient weight of brickwork above 
the built-in end, holding-down bolts and plates must be attached 
and built in the brickwork sufficiently low down to obtain a 
secure hold. 

A cast-iron parallel flange girder to carry a distributed load is 
a very simple matter. The sectional area of the bottom flange 
in sq. ins. may be made equal to the distributed load in tons, 
the mean depth one-twelfth of the effective span, or the total 
depth one-tenth of the clear span, the top flange one-fourth the 
area of bottom flange, and feathers or stiffeuora about every 4 ft. 
Suppoae a girder of this kind to be required for a clear apan of 
12 ft. 6 ins. to carry a load of ten tons, the girder may then be 
drawn out from these particulars, as shown in Fig. 210 eleva- 
tion, Fig. 211 plan, and Fig. 212 section. The calculations will 

1 , 12-6 

= ^-^ clear apan = -jg- 
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bottom flange will have a sectional area equal to the distribated 
load of 10 tons = 10 eq. Ins., say 10 ins. X 1 in. average thick- 
ness, area of top flange = ^ = 2'5 sq. ina,, or, say 3 ins. X 1 in., 
and the web may be I in. thick at bottom, tapering to | in. thick 
at top. Allowing 12 tons per sq. ft. on the York stone, the 

girder will require a bearing area of ^-^t^ — = 0'416 eq. ft,, or a 
length of ^7^55- — O'Sft. = 6 ins., but should be made at least 
9 ins. in order to throw the weight well within the face of the 
wall. Taking the safe load on the brickwork at 3 tona per 

aq. ft., the area of atone required = ^—5 — = 1'6 sq. ft., or, aay, 

18 ins. by 13^ ins. by 6 ins. Generally the etone is made to 
project 6 ins. beyond the girder on the sides and back = 22 ins. 
by 15 ins., and thickness one-third of the longest dimension = 
7^ ins., instead of calculating it for safe load. The parabola 
shown by stroke and dot line on Fig. 210 indicates the variation 
of mean depth that might have been made to maintain uniform 
strength, but it is often more convenient to make the girder 
parallel throughout and waste the metal of the web that oceure 
above the outer ends of the parabola. 

Girders of cast iron are much used in the framing to support 
sewage pumps and other machinery, but where machinery is 
concerned the actual load must be doubled to allow for the effect 
of vibration, and where shocks occur the depth must be increased 
to provide extra stiffness. Assume that a pair of cast iron girders 
of uniform strength and breadth are required to carry the bear- 
ings of a crank shaft, giving a central load of 2^ tons, which X 2 
for vibration = 5 tons on each, over a 10-ft. span. The bending 
moment diagram for a central load is a triangle of base equal to 
the distance from centre to centre of bearing surfaces, and of a 



r X 2 X 10 



:ia-£ ton-ft, but 



the actual mean depth of girder may be ^r^ span = to '^ 10 ft. 
= 10 ins. ; then the bending moment diagram should be drawn 
to such a scale that it represents the required depth of girder, 
in this case 1'25 ton-ft. to each one inch of depth of girder. 



^ 
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according to the scale to which it ie drawn. Approximate weight 

of girder ys^ == — .g, = '4 ton. Width of bearing eurfoce, baj, 

9 ins., upon a eroBs girder ; effective span, 10 £t. 9 ins. ; strees in 
ra-' 5-4 X 10'75 

— 17'41 tons ; working strees in 



centre = -; 



'id 4 X -83 

teneion, 1^ tons per aq. in. ; sectional area of bottom flange 
17-41 



- =; 11*6 Bq. ina. 
11-6 



width of Sange, aay, 9 ins. ; thickness of 
say 1^ ina. Size of top flange | area of bottom 



_ll-6 



2'9 aq. ins., aay, 3 ins. by 1 in. ; thicknesB of web f in. 

to I in., and curves in internal angles, | in. radios. The girder 
may now be drawn out as abown in elevation, Fig. 213, plan 
Fig. 214, and section through A — A, Fig. 215. The part whera 
the load ie applied must be designed to suit the particular 
circumstances of the case. Generally there will be a rectangular 
widening of the top flange large enough to take the base of 
plummer block, with raised " chipping faces," to allow of a 
" metal to metal " bearing with the minimum of machined 
surfaces; also with slot bolt holes to allow for adjusting the 
plummer block, and raised undercut ends to permit of wedges 
being inserted to keep the whole firm when correctly adjusted. 




Compound Gibderb — Box Gibders — Shbi£ Stbbss and Pitch 

OF ErVETB 

For use in baildiog conBtraetion, large girders ehould, aa far 
as possible, be made up of rolled joists witb fiange plates at top 
and bottom, but tbere are many cases where it is necessary to 
build up a girder entirely ot plates and angles. 

An example of a rolled joist compound girder may be taken 
first, but instead of designing one to meet given conditions we 
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Tia, 216. — CroaS'Sectlon of Rolled Joist Compoand Qlrder, Epsn 3E ft., 
to corry 100 tons. 
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will take the seetloa given in Fig. 216, and find the safe distri- 
buted load and the remaining particalars of conBtraction. The 
clear spaa is 35 ft., and the total length 40 ft. 

The weight of the girder will be made up as follows : 
Rolled joista and inner plates (26-2 X 8 + 24 X Ij) 
X 3J = 382 lbs. per ft ran 
882 X 40 = . . . , . . . . 16,280 lbs. 
Second plates, approximate length (see Designing 
Ironwork, 2nd Series, Part I.) 40 X '85 = 84 ft 
Third plates (see ditto) 40 x "66 = 26 ft. 
2 (34 + 26) X 2 = 240 ft. sap. 
240 X 30 lbs. per ft sap. = . . . . 7,200 lbs. 
22,480 lbs. 

Rivets, sa; lj| per cent. = 886 lbs. 

22,816 lbs. 
— ' - = say, 10 tons total weight. 
Effective span, centre to centre of bearing sarfaces, 

4»+i5= 87-6ft. 

Effective depth, say joist flanges eqoal to i-in. plate 
continnous, then between centres of gravity of 
flanges = 21} in. 

a, • a WL (W+ 10) 37-6 

Stress m flanges = ^ = 8x1-8 

~ , , . . alt. tension X depth ft. _ 

Safe working stress = i^s nr- ~ 

^ 0-3 span ft. 

30 X 1-8. _ A.af™_ 

0-3x37-6 = *^*»'"' 

Stress = Resistance 

<^±i»lf:l=4-ex4XS(24-4XlJ) 



4-8 X 4 X i (24 - 4 X U) 8 X ) 

37-6 
14-4 X 19-5 X 14 4 
87-6 

^jl|^ - 10 = 97-83, Bay 100 lOM s»(e load. 
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Bbabino SrBFAces — 

Total load, aay 110 tons, total bearing aurface 

2 (40 - 35) = 10 9q. ft. 

Load per ft, sup. on bearing,-.-^ = . . . 11 tons 

which would be quite safe upon an ordinary 
York Btone template 6 ins. thick. 
Sheab Strength of Webs— 

Sectional area of webs 18 X '6 X 8 = 32-4 

*ig^ — = 1-7 tons per sq. in., which is well on the safe aide. 

Pitch of Bivktb — 

Rivets when cold would bel^^ ins. diameter, making IJ ins. 



Max. shear tons 55 «<. ^ . l  i  i. u. 

=- — 7f- -, — ; — =-— -= 36'7 tons horizontal shear per ft. 

Eepth web ft. 1-5 '^ 

run, safe shear, say 5 tone per aq. in., IJ-in. riyet, say 

1 sq. in. area = 5 tone i 

per ft. run between joista and flange. 



per ft. run = 6 ins. pitch. Strictly it will not require the 
pitch so close as this, owing to the extra depth given by 
the solid flanges. So that this girder will be quite aafe 
under a distributed load of 100 tons. 

A nearly similar section is given by Messrs. Dorman, Long & 
Co., but with §-in. plates instead of f in,, f-ln, rivets instead of 
IJ ins., and 4 ins. pitch instead of 6 ins. The modifications 
bring the safe load for a clear span of 36 ft. according to their 
tables up to 164 tons, the ultimate strength of the steel being 
taken at 33 tone per sq. in. 

Built up girders, when used for the main girders of bridges, 
are often of comparatively deep section, the stresses are thereby 
reduced, and a lighter girder results. The section, Fig. '216a, 
shows a typical arrangement of the main girder for a road or 
railway bridge of 60-It. span, suitable for cross-girders either 

l2 




nttached to the]side above the bottom flange, or bung from below 
the bottom flange by bolts. Owing to the great proportionate 
depth and little width there would be considerable tendency to 
dietortion if it were not for the diaphragm-plate inserted 
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between the webs behind each of the atiffeners. When the eroBB- 
girders are carried at the side there is only a narrow width of 
flange to rest upon, and they have to be aeonrely fixed endways. 
At these points the diaphragm -plates have an important office to 
perform in transmitting the stress produced by the deflection of 
the cross-girders. When the diaphragms are too high to step 
over readily it is desirable to put a manhole through near the 
bottom, or instead of a round or oval manhole, which is expen- 
sive to cut, two diaphragm -plates vertically over each other may 
be arranged with sufficient space between to enable a man to 
pass through. 

The question whether the stifFeners should be joggled as shown, 
or used straight with a packing-piece at the back, will depend 
upon the relative cost of the packing-piece as against the two 
joggles. Generally, in a girder over 8 ft. deep, the joggles will 
be cheaper than a packing-piece. 

For buildings and other purposes, where the load is on top of 
the girder, it is necessary to keep the girder fairly shallow in 
depth, and the extra weight of metal to meet the addi- 
tional stress produced is paid for by the increased height avail- 
able for other purposes, or by the reduction possible in the total 
height. It should be remembered that every shallow girder 
requires a reduction in the working intensity of stress allowed in 
order that the deflection may not be excessive. This can be 
effected either by using a special factor of safety which varies 
with the ratio of depth to span, or by directly limiting the 
working stress. 




CHAPTER SIX 

DBBioNraa A Steel Plate Box Gibdbb to cabbt 100 tons— 
Detailed Galoulatiomb and Wosxisa Dkawino 

An example may now be taken of a steel box girder to cany 
100 tons distributed over a clear Bpan of 60 ft. The ci^calations 
should be systematically entered apon a sheet of foolscap, or in 
a draaghtsman's foolscap " record book," headed with the name of 
the contract for which the girders are being designed, and tabulated 
as follows : 

Steel Plate Box Gibdbb. 

Clear Bpan 50 ft. 

External dead load aniformly distributed . . 100 tons. 

Mean depth of girder, say ^l^th span . . 3*6 ft. 

Width of flanges (least width between webs 12 ins.). 

say i^th span 2*6 ft. 

Approximate weight of girder : 

400 ^^ d 400^ ^ ^ 80 - ^^ ^ *^ 

1-291 = 161376, say 16 tons. 

Gross load 100 + 16 = 116 tons. 

Safe load per sq. ft. on York stone bed ... 16 tons. 

Chamfer on edge 3 ins. 

Length of each bearing sarfaee : ' 

^ (100 tons load + 16 tons girder) _ ,.(-(.«. 
2*6 ft. width flange X 16 tons safe load ~ 

say 18 ins. 

Total length of girder 50 + 2 (-26 + 1-5) = . . 5S-5 ft. 
Effective span centre to centre of bearings 63*6 - 

1-5 = 52 ft. 

Stress in flanges at centre-^ = "^^^a-f = 301-6- 

say 800 tons. 
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Factor ol safety to limit deBaction : 

;Sx«» = 01 

Ultimate stress per sq. m 80 torn 

Working streas per sq. in. -^ 5 t 

Sectional area of each flange —r- = . . . . 60 sq. ins. 

Angle bars, say 4 ina. X 4 ins. X | in. 
Approximate thickness of flanges at centre = 

60 eg. JOB. _ 

30 ins. wide ~ 
Approximate depth ol web between rivet holes, 2'5 ft. 

— 2 ins. for flanges — 4 ins. for angles =: . 2 fth J 

Haximam shear = reaction at support = -^ = . 58 tons.] 

Maximum shear Btress per foot in depth and per foot 

ran horizontal -y- = 29 tons. 

Diameter of rivets, say 1 in. 

Effective depth of web = total depth — 2 rivet holes 
= 30 ins. mean depth of girder — 2 tCB. for flange 
—(2 X 1) for rivets 26 ins. 

Thickness of web plates, allowing 3 tons per sq. in. 
safe shear stress, 

58 tons 

S tons per sq. in. X 26 ins. width X 2 weba ~ 

■371. say | in. 

Sectional area of 1 rivet '8 sq. in. 

Safe shear stress per sq. in. rivet area, single shear . 4*5 tons. 

Double shear, 4-5 X li = 6'75 tons. 

Safe shear stress per rivet double shear 6'75 X '8 6-4 tons. 

Number of rivets per ft. mn, double shear ttj = 5'37, 

aay 6 rivets 

Ti:-. u « • I 2 webfl X 12 ine. 

*»*^ °^ "^'^ elwiti = . . . . 4 ms. 

pieesore of rivets per sq. in. not to exceed . 10 tons. 
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Actual presaore in holes of webs per eq. in. 

29 tons etresB per ft. 

6 rivets X bearing area per rivet (1 X "375) ~ 

As this exceeds the limit the pitch moat be reduced 



at ends to 4 x 



12-8 



: 8-125, say 



Bat the 4-in. pitch may be retained if desired (or 

Yn3- X -y = 19*6 ft. each aide of centre- 

Eqaivalent plate thickness of one side of four angles 
4 (4 X I) 



iin. 



IS ins. 
IJin. 



7*5 aq. ins. 

62*6 sq. ins. 

26 ins. 

a ina. 



O-in. flange 

Least thicknese of plates in (op flange, rivets in com- 
pression not deducted 2 - J = . 

Plates in top flange, sa; three $-in. plates 

Least thickness of bottom flange, 

Net section required = . . . 

Net section of foor angle sides leas four 1-in. 

rivets = 4 (4 — 1) X f = 
Net section of plates 60 — 7'5 = 
Net width of platea 30 — 4 X 1-in. holes = 

Least thickness of flange = -^^ — 2*02, sa; 

Plates in bottom flange, say one f -in. and two 
|-in. plates = . . . . 

Steel plates may now be obtained in one piece at 

ordinary pricee. op to 20 cwts., 30 ft. long, 

2^ ina. wide, 1} ina. thick, 60 ft. snper, and at 

extra cost ap to 2 tons. 60 ft. long, and 120 ft. 

super, but only one of these limits may be 

reached in the same plate. 
In this case it will probably be well bo put a joint 

in the inner flange plates and the web platea. 

The angles may be In one length. 
Cover to joint in }-in. bottom flange plate. 
Net sectional area of part cut tbroogh '76 (80 — 4 x 1) 19'6 aq. ina. 
Sectional area of 1 rivet, say — . . . . '8 sq. in. 
No. of rivets each side of joint -;g- = 24*876, eay . 24 riveta. 
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T ., , , , 24 rivete 

Length of cover plate -7—. X 

° ' 4 m a row 

4 ins. pitch X two ends of cover , ,, , 
 Jt. -- — -■—r-K •  . 4 ft. long. 

12 ma. m 1 tt. •* 

Cover to joint in g-in, top flange plate, being in com- 
presBion with planed butt joints need only be 
small. Bay 12 riveta in two rows on each side =. 16 ins.loDg. 
Cover to web platea on insidee only, between angles 
behind stiffeners : 

ThickneBB . g in. 

Width 6mB. 

Rivets 3 in., pitch 4 ins. 
Stiffeners, between angles only, on ontside : 
At ends 3^ ins. X 3^ ins. by J in. angles. 
Over edge of bearing surfaces and 4 ft. to 6 ft. 
apart between, say, 6-in. x S-in. X J-in. tees. 
End plates to close girder, g in. thick, bolted through 
end stifTener angles by eight f -in. bolts and nuts. 

Desirable limit for deflection 50 X -tt^, x 12 = . IJ in. 

Calculated deflection : 

5 = atresB allowed, tons per sq. in. 
L = &pan in inches. 

E = modalus of elasticity in tona. 

D = mean depth in inches. 

d = deflection in centre in inches. 

d — ^^ = 5 (50 X 12)^ _ 

iED 4 X 13,0U0 X SO ' . ^ aj* m. 

and this would have been still more if the flange 

stress had not been reduced below the nsual 

6| tons per sq. in. 
Permanent camber ^ in. to J in. per 10-ft. span, say . 1 in. 

Building camber = 1'154 + 1 = 2'164, say , . 2| ins. 

The design may now be proceeded with, flrst finding the 
proper length of flange-plates by drawing a parabola for each 
flange, of a span equal to the centre distance of bearings and a 
height equal to total thickness, including equivalent value of 
angles, to any convenient scales, the height being to a larger 
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Boale than the length. This will he seen upon the upper part d 
the diagram. Where the parahola cuts the level of the inner 
edge of each plate, a distance equal to half-cover, according to 
thickness, must be addad to obtain the proper termination of the 
plate. Then the section, elevation, and plan ma; be drawn 
as shown to complete the design, and the actual weight ma; 
then be estimated. Instead of reducing the pitch of the rivets 
towards the ends of the girder, a sufficient bearing area in the holes 
may be obtained by increasing the thickness of the web-platea, 
making them from each end 4 ft. 6} ins. by ^ in., 3ft. 9^ ins. bj 
■^ in., and the remainder f in. thick. 

The safe shear stress has been taken in this case at 4'6 tons 
and 675 tons per sq. in., instead of 5 tons and 7"5 tons aa in the 
previous chapters ; the latter figures are safe, and would have 
permitted the pitch to be increased to 3'75 ins. and 4'8 ins. at the 
ends and centre respectively, but the stress is often limited to the 
first-named figures. 
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The ordinary types for steel trusses of moderate span are 
shown in the diagram. Figs. 217 to 221 are favourite forms, and 
are known as " trnBsed rafter roofs." Figs. 222 to 224 are on 
the king and queen post principle, and make good, workmanlike 
arrangements. In every case the purlins are supposed to come 
over the points of support, that ia, where the struts meet the 
principal rafter. There are two objectionable terms in connec- 
tion with roots that ehould be avoided : they are the word " princi- 
pal " instead of truss, and " bearing " instead of span. TItere are 




FlOB. m lo 2'H.— Types of Sleel Trusaes tor vu^ous ipkoB. 

many other forms of symmetrical bracing, especially in roo& 
over 50 ft. span, the chief variation being the carrying of the end 
of truss down the wall and curving the sofiit in order to improve 
the appearance and prodace less overturning effort. 

A truss similar to Fig. 220 will be found worked out in detail 
by the present author in "The Practical Designing of Stractoral 
Ironwork" (Spon; Ss. 6d.). 

We will now proceed to calculate and design a trass for a 
Dorth-ligbt roof. This form called also a " saw-tooth " or 
"weaving shed " roof, is used where a good, unvarying light is 
needed, as in weaving-sheds, show-rooms, printing works, etc., ; 
hut, of course, the possibillity of using it depends to some extent 




upon the aspect ol the building. Such trusses are usual!; from 
20 ft. to 30 ft. span, and they should be not wider than twice the 
height from floor to underside of truss, or the light will not be 
8u£BoieDtly distributed. The truesee may be carried by a wall or 



^ 
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girder, the sapporting columns for the latter being, say, beloi I 
every third trass. The angle of the steep or glazed aide o( nxif 
will be 60 deg., and the flat side, say 26} deg., which is the 
flattest desirable slope for slate coverings. The wind may com 




FlO. 227.— Frame dJagcam of Hortb-Ligbt Boot Truu with wind on the Hhoit side. 
FlO. 226.—Btitm diagram for Tig- SS7. 

from either side, and, as the trass is not symmetrical, separate 
stress diagrams will be required for each case. The dead load 
may be taken at 21 lbs. per ft soper. and the wind at 28 lbs. 
normal to slope of roof. To set off the bracing, the rafters are 
divided into equal parts, and also the horizontal line joining the 
supports. With tmeses 80 ft. span, 10 ft centre to centre loaded 
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,a above, and wind on the flatter Bide, the fmrae diagram will be 
,s Fig. 225, and the stress diagram as Fig. 226. With the wind 
Dn the steep side the frame diagram will be as Fig. 227, and the 
stress diagram as Fig. 228. Aroof oi this character will be found 
in the catalogue of some of the structaral engineeers ; for 
e^iample. Fig. 229 is taken from the catalogue of Messrs. A. &, J. 
Main & Co., Ltd., of Glasgow and London. The calculations for 
the different members will be as follows, care beiog taken to 
allow for the maximnm stress from either diagram. 

The maximum stress in the principal rafter on the long side is 




106 cwtB., as shown in Fig. 225. Try a 9J-in. by 3J-in. by ^in. 

'^nqXdJ "^ i X 3,760 \ 3-3/ 

which ia more than enough, but a smaller size would not be 

Bofficient. It may, however, happen that the truss will be ased 

to carry purlins, as in Fig. 229, giving a distribution of loads 

AS in Fig, 230. Bending moments will then be introduced in 

addition to the direct stresses, and it would be wise to make 

proviBion for them. Then the maximum stress in the principal 

rafter = 106 cwts., or 5'S tons, the maximum bending moment 

,. ,, , Wall 9-6 X 8-4e X 62 
Irom puruns on the same bay = -j — = ^ 



ao cwt-ti. = 



THEOBY AM) PRACTICE IN DESiaNDIG 
20x12 



12 ton-ins., and the onaapported length 
104 inB. Try a 4-m. by 5-in. by J-in. 



of rafter = 8 ft. 8 ins. 

tee section, then the moment of inertia I given by the tables 

10-46, 1 = ^'''Ixi'iis"^^ = '■'' ins., and !) = 6 - 1-68 = 
I _ 10-46 



B-42 ins., Z, = - = -^^ = 6-62, and Z, -5-,^ 

" X 1-68 ' y 8-42 



6^ 

^ "^ Z, - 4-26 " 

sq. in. compression, and 



12 

6-62 

W I 



S-OS. 

1-26 + 1-81 = 8-06 tons pv 
1-26-4 = 



6-8 
"4-26 " 



12 
8-06" 




2-76 tons per sq. in. tension. By Gordon's formola the maximmn 
allowable compressive stress will be 
/ 6i_ 



W = - 



1 + 



nq \d/ 



H"! 



_/io4y 



.f — 8-26 tons per sq. in. 



■^J X 3,760 Vs-ey 

For members, 2-9 and 8-10, with a maximnm stress of 72 owts. 
= 8-6 tons, and unsupported length of 6 ft. 8 ins. = 80 ins., try 
a 8-in. by 3-in. by |-in. section, then 

fS _ 6-6 X 2-11 



W = 



l-t- 






1-H 



i X 3,760 



1 = 5-04 tons. 
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which allows a good margin. For member 11-12, with a maxi- 
mam stress of S3 cwts. ^ 2*65 tons, and an unsupported length 
of 8 ft. 4 ins. = 100 ina., try a S-in. by 3-in. by g-in. angle 
section, then 

fli_ 6-5 X 211 

'I \' ~ , , 2-6 /100\' 



J X 3,760 V2-2 I 
which allows a good margin. For member 9-10, with a maiimum 
Btress of 22 cwts, =^ I'l tons, and an unsupported length of 
6 ft. 4 ins. = 100 ins., try a 2i^-in. by '2^.in. by ^-in. angle, then 

,„_ fS 6-6 X 1-47 

■l\'~ , , 2-5 /100\' 



B' = - 



1 + 






i = 3-71 tons. 



1+1 



1 + 



nq \d} 



1 + 3 



/looy 



= 1'9 tons. 



j X 8,760 V 

For member 13-14, with a maximum stress of 86 cwts, = 
1'76 tons, and an unsupported length of 4 ft. 2 ins. = 60 ins., 
try a 2-in. by 2-in. by J-in. angle, then 

fS 6-6 X 0-94 



W = 



1+7 



ll\ 



l+I 



(fD' 



I 2"25 tons, 



i X a,750 

which allows a small margin, but where |-m. rivets are need 
the size should be not less than 2^ ins. b; 2^ ins. by -^ is. 
Members 8-12 and 6-14 have a maximum tensile stress of 
cwts. = 5'15 tons, and allowing 6J tons per sq. in., the net 

Bectional area required = -^7^- = 0*8 sq. in., which will be given 

by a 8-in. by |-in. flat bar, deducting one J-in. rivet hole. 
Uember 8-9, with a maximum stress of 33 cwts. = 1*65 tons, 



by ft 2-in, by J-in. flat bar, and the same section would be just 
poffioient for member 12-13, but they should be made 2j ins. by 
■fg in. Member 10-11, with a maximum stress of 55 cwts. = 



2-75 tons, requires an area of - 



= 0'42 sq. iu., which will be 



given by a 2j.in. by j^-in. flat bar. 

The 80 ft. span girders carrying the ends of the trusses will 
each have to support a total concentrated load at 10 ft. from each 




Fio. 231.— Detail of Joint at jimclion between principal Rnftew. FlO. 233.— 
Detail ol Jolut at bead of maio Strut of long Rafter. FlO. 334.— Detail of 
Joint bclween Stmt and short Rafter. Fio. 336.— Detail of Joint at luft-huul 
Sapport. Fio. 33S.— Detail of JoiaC at jnnctioa of Tie-bars. Fis, SST.—Detail 
of Jolut between secondary Stmt and Tie-t«r. FlO. S3S.— Detail of Joint at 
riKht-band Support. 
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end equal to the vertical components of the reactions from the 
two trusses = 67 + 60 = 127 ewt., or 6-86 tons. Then th« 
maximum bending moment vill be the reaction at either end 
multiplied by the distance to the first load — 6'36 tons X 10 ft. 
= 63-5 ton-ft., and the tabular value = 63-5 X 8 = 508, 
requiring (B.S.B.28) IS-in. by 7>in. by 76-lb8. rolled steel joists. 
The details of the joints may then be drawn out as shown in 
Figs. 231 to 238, the nombet of rivets being proportioned to the 
stress in the members, and the members so arranged that the 
lines down the centre of gravity of their cross-section shall inter- 
sect in the same point to avoid secondary stresses. 
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DuRiNQ the last ten years there hag been a large number of 
steel-framed sheds erected in all parts of the world, aod mui; 
of them have failed from the same cause^viz., the abeesoe 
of bracing to the stanchions, and the omiBsion to secmre (be 
Btanchions sufficiently at their lower ends. Recently several 
skating rinks bave been erected with the same want of prdcaa- 
tion, and it cannot be too strongly asserted that temporary 
buildings require as great a margin of safety as permanent 
structures. If the trusses are merely bolted down on the top 
of the stanchions, the latter will be in the condition of fiied at 
one end and nearly free at the other, but if the trusses are bo 
arranged that they can be connected to the stanchions by 
diagonal braces, the resistance to bending will be increased 
very considerably. The extreme difference in this way ma; 
approach 16 to 1, so that there is a very cogent reason loi 
bracing being adopted. 

An example may be taken of a abed roof 50 ft. span, 10 (t 
rise, camber 1 in. per foot, and 17 ft. 6 ins. from ground to eaves, 
the truBsea 10 ft. centre to centre, covered with galvanised oorru- 
gated iron on angle purlins. For 50 ft. span the principal rafters 
may be divided into three bays, and choice may be made of 
either of the forms shown in Figs. 239 to 241. Fig. 241 will, 
perhaps, be the best to adopt. The load may be taken as 14 lbs. 
per foot super, of sloping surface for the structural load, and 
28 lbs. per foot super, on one side normal to the surface for the 
wind. This will give the distribution of loading shown in the 
frame diagram, Fig. 242, the stanchion down to the junction 
with brace being taken as part of the truss. The rsactions 
from the two sets of loads may be taken separately, the struot 
load being divided equally over the two supports, and tbi 
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loads produced to meet the apringing line ol the truss, and the 
proportion going to each support calculated according to the 
position of the intersections with this line. The reciprocal stress 
diagram will be as Fig. 243, from which the stresses may be 
scaled off, and the amounts inserted on the frame diagram. The 
calculation of the scantUags will then proceed as follows, taking 
the maximum for each member upon whichever side it occurs. 
For the principal rafter with a maximum stress of 226 ewts. = 
lis tons, and an unsupported length of 9 ft., try a 4-in. by 4-in 



nc, 241 
o 341.— Tjpea o( Blccl TrnsseB for 50 it. apan. 



by }-in. tee, then, allowing a faotor of safety of 4, and making 
working stress per sq. in., and S = sectional area, the total 
load 

,_ ^ 



1 + 



TY' 



M 



ii)' 



^ i X 3,750 VS-S; 



vhich is juBt sufficient. For merobers 13-14 and l(i-17, with 
maximom stress of 52 cwts. = 2*6 tons, and unsupported 
length of 6 ft. 6 ins., try a 2J-in. by 2iJ-in. by ^-in. angle, then 

i? - ^-^ X '-" . = 3-4 tons, 
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BO that this eection will do, and the same size should also be 
used for members 11-12 and 18-19. Members 9-10 and 
9-20 most be calculated for 18-cwt. tension, and 9 cwt. = 
0'45 ton compresBion, with an unsupported length of 10 ft. 6 ins. 
Try a 2J-in. b; 2j-in. b; i^-in. angle, assuming both ends 
pivoted, then 

^^nq\d) ^i X 3,750 UW 

This eection will ba ample for both tension and compression, bat 
a smaller section should not be used. Allowing 6J tons per 
sq. in. tensile stress, members 10-11, 9-13, 9-17, and 20-19 
with a maximum stress of 206 cwts. = 10*3 tons, will require 

an area of -w^ =■ rSS sq. ins., requiring two 3-in. by |-in. Sat I 

bare. Member 9-15, with a stress of 93'5 cwts. = 4'67 tons, | 

4"67 ' 

requires an area oi-^^ = 0'72 sq, in., which will be given by a 

3-in. by g-in. flat bar. Members 12-13, 14-15, 15-16, and 17-18, 
with a maximum stress of 76 cwts. = 3*8 tons, require an area of 

^;p = 0-58 aq. in., which will be given by a 2J-in. byg-in. flat bar. I 

The purlins will have to carry a load of approximately 83 cwts. ' 

= 1'65 tons, over a span of 10 ft., producing a maximum 

... , , 83 X 10 ,, , ,, 41 X 12 
benamg moment of   ^ =: 41 cwt.-ft., or ^ — = 

34"6 ton-ins. Try a 6-in. by 4-in. by |-in. angle, with the long 
side at right angles to the rafter, the distances of the neutral 
axis from the two edges being x = 2 ins., j/ = 4 ins,, then the 
moment of inertia being 13"2, the section modulus on the com- 
pression side = Zi = — rj- = 6'6, and the section modulus on 

the tension side = Z„ = ~r- = 3'3, and the stresses will be  
* 4 

7^ = -^777- = 8'73 tons per sq. in. compression in the table, 

and ^ = -o^a = 7"46 tons per sq. in. tension in the leg, so that i 

just BuEGcient. 
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The reactions may now be combined to find the resnltants, and 
the resuitante resolved into horizontal and vertical directions. 
The vertical portions will give direct compreseioo on the atan- 
ehioDB, and the horizontal portions will be a part of the force 
producing bending momenta. There will also be bending momenta 
produced by the wind acting against the aides of the sheeting 
supported by the stanchions. As the stress produced thereby will 
be very considerable, it will be necessary to keep the allowance for 
wind pressure as low as possible. In 1887, in the discussion of a 
paper upon " The Stability of Chimney Shafts," read before the 
Society of Engineers, the writer gave his opinion that the 
pressure of the wind should be taken as varying with the height 
above ground level. He has since constructed an empirical 
foirmula, which, so far as experience goes, seems to give the 
minimum pressure that may be allowed for, in order to be 
within the hmits of safety. The formula is log /> = 1*125 + 0'32 
log k — 0'12 log w, where p — ultimate wind pressure in lbs. 
per sq. ft. necessary to be allowed for against a plane surface at 
right angles to the direction of the wind, h — height of centre 
of gravity of surface considered above ground level in feet ; 
IV ^ width in feet of part to be taken as one surface; and . 
when the surface is inclined at degrees to the direction of 
the wind, the ultimate pressure normal to the surface may be 
taken as p sin B, or its effect in the same direction as the wind 
as p sin' d. 

The vertical portion ol the aide between the toot of principal 
rafter and point of connection of brace and stanchion may be 
taken first. The height to centre of gravity will be 15'5 ft., and 
the width equal to the centre distance of stanchions 10 ft. Then 
log p = l'X25 + 0-32 log 15-6 — 0-12 log 10, whence p = 24-32, 
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to the maximnm horizontal reaction of roof 16'7 cwts., gives a 
total of 25'7 cwts., acting at level ol toot of diagonal brace. 
Before the stresses can be worked any further the mode of 
bending which the stanchion will undergo must be considered, 
and it will be seen that the tendency is to move the upper port 
awa; from the centre line, as shown in Fig. 244. The horieontal 
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force of 26-7 owts. wUl indnoe a correaponding opposite force ti 
the ground level, and the stanchion between will be virtHally as if 
composed of two cantilevflre connected at their oater ends, and 
pressing against each other in opposite directions with the force 
of 25'7 cwts., the stress caused being equivalent to that of a load 

of 26*7 cwts. on the outer end of a cantilever —^ = 6'76 ft spaa 

The bending moment diagram for the stanchion under this loading 




FIC 245 

TlQ. 241. — Line diagram on larger scale flhowing bow the Stanchions 
tend to bend. Fia. 24G. — Bending momenta on Right-band Slanchion. 
Fis. 246. — Bending moments on Left-hand Btandilon. 



will be as shown by the two triangles a he, c de,m Fig. 246, 
where the maximum ia WL = 25-7 X 6*75 = 173*5 cwt.-ft. 
The next step will be to ascertain the wind pressure on the 
sheeting supported by the stanchions below the level of junction 
with diagonal brace. The centre of gravity of this portion will 
be only 6*76 ft. above ground level, and the necessary pressure 
to be allowed for will be log p = 1-126 + 0-32 log 6-76 — 0*12 
log 10, whence p = 18*64, say 20 lbs. per sq. ft. This will 
give a total distributed load on each of the virtual cantilevers of 
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= 40-6 



6-76 X 10 X 20 ,. , _. WL 12 X 675 

cwt.-ft. maximum bending moment. TbiB will act in augmenta- 
tion of the bending moments already found, but the load being 
diBtributed the ordinates will give parabolic outlines, aa shown 
hj / b c, c d ff, in Fig. 245, and as these are overlapped by the 
previous diagram they can be added beyond the outline, as shown 
hj hb c and c d k, giving a combined maximum at ground level 
oynS-B + 40-5 =: 214 owt.-ft. In addition to this there will be 
tna axial load due to the vertical reaction of 74'5 cwts. to be 
ooaaidered when the size of the stanchion is being determined. 

At the opposite end of the truss the stanchion will be under 
an axial load of 62*5 cwts., and a bending moment due to the 
wind on roof ot 8 x 675 — 64 cwt.-ft., aa shown in Fig. 246 ; 
but as these are less than the results already taken into account 
for the stanchions they may be ignored. The details of this 
design will be considered in the next chapter, as the subject ia 
of considerable importance, and involves questions of stability 
that have not been dealt with in any test-book. 



CHAPTEE XXn 

Foundation fob Stbbl-Fr&hed Shhd — Vabious Hbthods 
Adoptbd fob Sboubing Stabiutt 

Ih continaation of the previous chapter upon the designing of 
a Bteel-framed Bhed, try a (B.8.B.16) 9-tn. by 7-iii. by 68-Ib. 
rolled eteel joist for the Btauehious, which will then weigh 

— --^ — = 9 cwtB. eaob, and hare to resist a maximum dead 
load of 74-5 + 9 = 88'6 owts. = 4*17 tons, anda maximum bend- 
ing moment of 214 cwt.-ft = ^^^ ^ ^^ = 128-4 ton-ins. This 

section will have an area of 17*06 aq. ins. and section modnluB 
W M_ 4-17 128-4 
^ A^ Z~ 17-06 ^ 51 
per sq. in. eompreseion and 2-28 tons per sq. in. tension. By 
Gordon's formula the allowable stresa for bending in the weakest 

direction = j /17-5 x 12\' ~ *'^ ^^^ ^^ ^' ""' 

^ "•" i X 8,750 ( 7 / 
By London County Council table given on p. 83 of this 

aeries, the safe stress would be 6-5 — ^^r | - j = tt-6 — ^g X y;gj 

= 8-3 tone per sq. in. It may be said that it is unfair to limit 
the safe load to that indicated by the least radios of gyration, 
bat although the bending moment aoto only in the direction 
of the greatest radius of gyration the dead l(wd ia not ao limited, 
and incipient failure from this Boorce would tend to occur in the 
weakest direction, making the final maximum atress to occur on 
one corner of a flange. We may, therefore, assome that the 
above method of working is correct where the stanchion is not 
prevented from bepding sideways. 
There are three methods by which stanchions can be securely 
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fixed at their base to resist the eSect of leverage : (a) by gusseted 
flanges attached to floor -girderB across the building ; (h) hy 
similar flaagea bolted to concrete bases, or reinforced concrete 
baseB, ol large area ; (c) by inserting the lower ends of the 
liionB into deep piers of concrete sunk in the ground. 










^ 


.-c- 




"Ni "i-^ ^ 







Via. 217.— Front elevation ot method o[ GziDg !=ibed Stancblons to Floor- 
fir^vn at iron Her or Jettj. Fia. »8.— t^ide elevAlioD of ditlo. 
Fig. 249. — I'arallelogranw of Forces to And where Rpsuitaut cut 
^raiitid Una. 

These methods may be independent of, or combined with, knei 
bracing to the roof-trusees and to eaves-girders. 

(a) This method would only be adopted when the shed is bui 
OQ an iron pier or jetty, and the floor -girders can be used as i 
of the general framework. Such an arrangement would be that 
shown in Fige. 247 and 248. To calculate the rivets between 
the fluige of etancbion and gusaet-plate proceed aa follows : The 
UM of flange = 7 X 0*924 = 6-47 sq. ina., then the total com- 
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preBBion to be resisted by shear = 6'47 X 2'76 = 17*86 tons, and 
allowing 2'2 tons for each J-in. rivet in single shear, the namber 



required = 



— S'l, say 8 riyets. The total tension to be 



r.j- 


ft- »7^*> 
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.o„o 


?3 




• 


o"" d"o"o"o~'o"o~'o 





resisted = 647 X 2'28 = 14'75 tons acting at the centre of 

gravity of the flange, say 4 ins. from centre line of stanchion. 

The centre line of the bolts will be 6'875 ins. from centre 

line of stanchion, 80 that 

the pall on the bolts = 

14-75 X 4 _ ,„ , 

— g.g-- — = 8-58 tona ; as 

there are four bolls, the 

stress OD each will be —^ 

^ 2'15 tons, and allowing 
6 tone per sq. in. at bottom 
of thread, the area required 

will be ^- = 0'43 sq. in., 

which will be given by, say, 
j-in. bolts. 

(h) A plain concrete base 
spread so as to take the 
load and bending moment 
without tilting would be 
worked out as follows : The 
dead load on stanchion is 
83'6 cwts. and the bend- 
ing moment 214 cwt,-ft. 
Take a point 1 ft. up, as in Fig. 249, then the horizontal 
force at this point to produce the bending moment = 214 
owts. Construct a parallelogram, of which this force gives 
the horizontal Hoe and the direct load 74'5 + 9 = 83'5 cwta, 
gives the vertical, then the diagonal will give the resultant, 

oatting the base at a point ^^7^ = 2'66 ft. distant from centre 

line. The concrete may be assumed to be 1 : 8 : 6 mixture carry- 
ing a maximum safe load of 11 tons per sq. ft., then the size of 
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Fia. 260. — Plan of base of Shed Stanchions. 
FlO. SGI,— Elevation of base of Shed Stau- 

OhiODB. 
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the base plate wijl be determined as followB. ABsame the bread 

214 
tobel8in>.,lhenS = ^ + f,opll = :i41I-, + ?»_ 

or 11 = »^ + i|?, then n = ?™*+i?l8 <„ U^ = ,.784" 
+ 42-8, or d" — -264 = 8-9. Add to each aide the square of 
half the co-efficient of d. then iP — ■2,5d + (^]» = 8-916, take J 




1'98, whence 

1-98 + -125 = 2-105, say 2 ft. This will be too great a 
length to be obtained in the ordinary way of putting guBset- 
plates and angles parallel with the flanges of the stancbioD ; a 
more convenient method will be to arrange the base as shown in 
Figs. 250 and 251. The number of rivets to resist the com- 
pression by shear will be the same as in case (a), but for resisting 
the tension, the distance from centre of bolt to centre line of 
Btanohion ia increased to 9 ine. Therefore the total tension on 
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per sq. in. will require an area at bottom of thread of — = — = 

1-Sl sq. in., which will be given by a li-io- bolt. For the plain 
concrete base aseume a size, say 6 ft. by 2 ft. 6 in. by 3 ft. deep, 

140 
as in Fig. 252, weighing 6 X 2-5 x 8 x ^ = 56 owts. This 

weight most be added to the dead load and combined witii the 




overtoming force in Fig. 249, giving a reaaltant catting the 
ground at I'47 ft. from outer edge of base, with a vertical com- 
ponent of 189*5 cwts., or 6*97 tone, spread over a width of 

6*97 
2 ft 6 ina., or-onr — ^'"^^ *<"" P*"^ ^^^ vide. Ae no tension ia 

allowable the formula to adopt in finding the stresees will be 

W 
§ X -J-, where W = vertical load in tone and d = distance from 

resultant to cater edge of base in feet. Then the maximom 

oompression will be | X -j-= I X j^tr = ^'^'^ *°°^ P*^ ^1* **■ 

oomprwsiou on the soil, which will be quite safe in ordinary 
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circamBtaDces. The distribution of the stress is shown in 
Fig. 262, vhera it varies from a maximum of 1*27 tons per sq. ft. 
at) outer edge to nil at a dietance of 3rf = S X 1*47 = 4*41 ft. 
from outer edge. 

Another method of constructing the base is b; reinforced 
concrete, as shown in Figs. 268 and 254. AsBume the size of 
concrete to be 7 ft. 6 ina, by 2 ft. by 1 ft. deep, weighing 

7*5 X 2 X 1 X 112 = ^O'"^ °^''^- ^^^ *^*8 *° *^^ ^^^ ^'^^^ '^° 
stanchion, and combine as before, giving a. resultant which 
cats the base at 1'69 ft. from outer edge, and having a vertical 
component of IOS'6 cwts. = 6'18 tons on a width of 2 It., or 

~ = 2-59 tons per foot wide. Then ^ x -^ = § X j^ = 

1'02 tons per sq. ft., which is quite safe, and the distribution will 
be as shown by the shaded triangle in Fig. 26S. To ascertain the 
amount of reinforcement the base must be taken as a cantilever 
with an upward pressure tending to turn it about the edge of 
base-plate. The pressure acting between the edge of base-plate 



which may be taken as a concentrated load acting at the centre 
of gravity of the pressures, or 1'54 ft. from edge of baae-plate, as 
shown on Fig. 253. The formula to use for the safe load on 
a reinforced concrete beam supported at both ends under a 

uniformly distributed load is JT ^ ("37 p -j- "214) -y, where 

/) = percentage of reinforcement, b = breadth of beam in inches, 
taken as 1 ft. wide in this case, d ^= depth of beam to centre of 
reinforcement in inches, L ^ span in feet; but as this is for a 
cantilever with concentrated load, only one-eighth of the load 

ooold be carried, ot W = ('37 p + "214) g-j-, whence 8 WL = 
(•87 p + -214) M', or 8 X 40-7 X 1-64 = 037 p + -214) 12 X 
7•5^ or 501-42 = 249-76 p + 144-45, and p = ^"^^24^75^^^^ 
= 1'48 per cent. The percentage is taken on the area of the 
concrete above the centre of the reinforcement and not on the 
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whole area of the beam. Thla will reqaire an area ot reinforce- 

ment of r^^ = 1*287 sq. in. per foot wide, aay 

a-in. by Ij-in. by 4-lb. rolled-steel joists 12-in. centrea. The 
area provided does not appear to be qnite anfficient, bot the 
formula adopted allows merely for 
the sectional area of reinforcement, 
whilst the rolled joist section 
adopted adds independent stiifness. 
The holding-down bolts may be 
bolted to channel sections under- 
neath the rolled joist reinforce- 
ment. 

(c) The ealcalation of the reaia- 
tance offered to movement by this 
method is beset with difficulties. 
From a rough attempt at analyaia 
it appears to be somewhere about 
Gd^ in Ib.-ft. per foot where d 
Fio. asB.— Usodi congtrnction of ig depth in feet. So that given 
Komirlaliun tor shed SiAnchione. ,^ , •  ii_ 14. 

the overturning moment m lb.-it. 



= 6 6d», or 















1 










•qo 








t 



as M, and the width in feet < 

the requisite depth from ground-level will be M = 

(i = Y T-T. Applying this formula to the present case, say 

6 = 3 ft., thickness half the breadth, and M = 10-7 X 2,240 = 

23,968 lb.-ft., then d = \/|^|^ - H ft. deep, which is 

impossible. Try an increased width, say 5 = 5 ft., then thicknesa 

ttL I-  J * '/23,968 
= 2 ft. 6 ina., d= y ^ 



. g — 9-28 ft. deep, requiring 9-28 X 

5 X 2*5 = 116 onb. ft. ot concrete, as against 6x2-5x3 = 
45 cub. ft. when placed as in Fig. 252. Commonly this method 
t&kea the form of Fig. 255, which is useless so far as stabiUty 
against wind-pressure is concerned. 






CHAPTER XXIII 
Dbtailb of Eoof Trusses for Stbel-Fbaued Shbd — General 

ElBTATION of FRA.UIIIQ 

CoNTiNOiNo the cttleulationa for the eteel-framed shed, the 
straBses and scantlings of the roof trues having been worked out 
in Chapter XXI., the jomtB may now be designed. The lines of 
the frame diagram Fig. 242 represent the centre of gravity lines 
for the varioaa members, except at the foot of principal rafter, 
where it is more convenient to put in a strong joint plate and 
permit secondary stresses, which, however, will only be of trifling 
amount. The other joint plates will also be better if made f in., 
thick, as the stress is not quite direct in cross-section, owing to 
the joint plates being pat on one side of the web of tee, whereas, 
had the stress been direct, -^ in. would have been sufficient. 
It will be an aid to the allotment of the correct number of rivets 
to each joint to make a short list of the resistance provided by 
any given number, thus : — 

|-in. rivets single shear, 

1 = 44 X 1 — 44 cwtB 

2 = 44 X 2 = 88 „ 

3 = 44 X S = 132 „ 

4 = 44 X 4 = 176 „ 
6 = 44 X 5 = 220 „ 

And f-in. rivets in double shear, 

1 = 44 X li X 1 — 66 cwta. 

2 = 44 X li X 2 = 182 „ 

3 = 44 X Ij X S = 198 „ 

Then, having drawn out the various members meeting at each 
joint, the rivets are to be marked on at a suitable pitch, say from 
2^ inB. to 8J ins., the oatlines of the joint plates will be added 
ae shown in Figs. 256 to 268. 
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The horizontal angle bars at the Bides of the shed to support 
' the corrugated iron between the etanchions must now be calcu- 
I lated. At 25 lbs. per sq. ft. they will have to resist a wind 
I 58 X 10 X 25 
L pressure of, say, — — Q.jjn ~ ^'^^ *°^' 'i'^'^il"^''^ °''^^ a 



2,240 

span of 10 ft., producing a maximum bending moment of 
0-63 X 10 X 12 _ g.^g ton-ins. Try a 4-iii. by 3-in. by 



f-in. angle, then x 

inertia / = 4*42, therefore Z^ 



1'2-in. and y = 2'8-ins., the moment of 
4-42 




= 3-68, and Z^ = -^t^- = 



FiQ. 267. — End eJovation of Joint at Support. Fig. 358. — Front 
elevBtioD of Joini at Support. 



3-68 

compreBsion in the short side, and -y- = -ttq = 6 tons per 

sq. in. tension in the long side. Besides the wind pressure, 
these angles will have to resist the weight of the sheeting and 
their own weight. The weight of the sheeting will be 10 X 
6| X 2 lbs. per sq. ft. = 118'3 lbs. on each, and the angle itself 
wiU weigh 10 X 8*46 = 84-5 lbs., together 113-3 + 84-5 = 

197*8 lbs., or, say, ^ ~ j ^ = "09 of a ton, producing a bending 

■09 X 10 X 12 



moment of - 



: 1"35 ton-ins. The stresses induced 



by this load will be found by taking the 4-in. by S-iu. angle in 

1(2 
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the other direction, where x ~ 078 in., y := 2*22 ins., and the 

of inertia = 1-92. Then Z, = -^ = 2-46, and 

1'92 „„„ 3 ^t i. J J ■.. V -M 1-S5 

" 9^ ~ 0"87, and the streases prodnoed will be -™- = 5:35: 

, 1-86 



1'67 tons per sq. in. tension in the short sld& These stresseB 
will act in opposition to those prodnoed by the wind preasore in 
the ooter edges of the flanges, bat in conjunction with them at 
the root. The ultimate stresses will therefore he 2'67 + 0*55 = 
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8-12 tons per aq. in. compression at the root, and 6 — 0'55 = 
5-45 tons per sq. in. tension in the outer edge of long side, 
and 2-57 — 1"67 = 0'9 ton per sq. in. compression in the outer 
edge of short side, which will be aatiafactory. The angle brace 
between roof truss and atanchion was oaloolated to be 2j ins. by 
2) ins. by ^ ins. They are very often made much larger, bnt 
that is because they are dimeosioned without calculation. A 
simple method of fixing these braces is shown in Fig. 269, and 
an alternative method for larger braces in Figs. 260 and 261. 

The end elevation of shed is shown in Fig. 262 and the side 
elevation in Fig. 263. The longitudinal diagonal braces, being 
longer, may be 8 ins. by 8 ins. by | in. with the enda closed 
down and bolted to stanchions, aa in Fig. 269, bat to the webs 
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instead of to the flanges. The end of shed will be snpported by 
Btanchions and angle bars, but without diagonal bracing as this 
is provided in both directions on the long sides. Tbe wind may 
be taken at 21 lbs. per foot super over the end, straining the 
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m=M;=m44m 



Fro. 2CZ.— End elevation of Shed. FlO. 263.— Side elevation of Shed. 

Btanchlons aa cantilevers under a distribnted load. The calcula- 
tion for one near the centre will be as follows : The total wind 
preaaQre= 19-5 X 10 x 21 = 4,095 Iba.; whence the maximum 
bending moment will be -^^ = 4.095 X 195 ^ g^ gge lb..ft. 



= ''g g^Q = 21S-9, say 214 ton-ine. Try an 8-in. by 

6-iii. by 85 Iba. rolled ateel joist with a section modalua ol 
— aifTan = "^'^ '^"'18 P^' ^1- ^°-' which is a little 



27*62, then 



s'xe''jsaa 




of the End StaochJoaa. 

high, but this aeetion may be adopted. Fig. 264 shows the corner 
atancbion at one end of a long aide and one of tbe end atanchionB 
adjacent. The foundations (or the latter will be as already calcu- 
lated, or something rather less may be provided, in the ratio of the 
section modulus of the two stanchions. 

Galvanised corrugated sheet-iron is made in sheets 6 ft. or 
8 ft. long, 2 ft. 6 ina. wide after corrugation, with 5-in. corruga- 
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tioDB, having a depth of ^ the width. It should be laid with 
6-in. lapa when on the slope and S-in. laps when vertical. Laps 
to break joint by 18 ins. Hook bolts to purlins, as Fig. 265, 
(p. 178) about 2 ft apart, with limpet washerB. The thicknesses 
vary from No. 16 to No. 26 gange(B.G.), the former for first-clasB 
work, and the latter for ahipmeut abroad. A town atmosphere 
rapidly destroys corrugated iron, bat its decay may be retarded 
by painting. A smaller oorrugatiou is made, viz., 2^ ins. by 
f in., but it is not much used except for very light work, such as 
covering fowl runs, etc 
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Designing Stanchions fob more than one Stobey — CoMPiBisoH 
OF Methods — Impossibility of Avoiding Labobious Cilodla- 



22 fp^J from f 



An example will now be taken of the calculations for a atan- 
cbion in a tbree-atoreyed building. The cooditiona of loading are 
ebown in Fig. 266. There are two alternatives : either a stan- 
chion may he aelected sufficiently 
large to carry the load at the 
bottom storey with the section 
nniform throaghout, or a section 
eufBcient for the top storey may 
he found, wbicb may be strength- 
ened by adding plates to meet 
the additional load at each storey 
below. It is feasible to suppose 
that a fairly deep rolled joist will 
be desirable for the stanchion to 
gire leverage in the cross section 
against the bending moment pro- 
duced by the eccentric loading 
due to Hoors being on one side of 
stanchion only. 

The diagram, Fig. 265, shows 
a 14-in. by 6-in. by 57-lb. rolled- 
steel joist as a stanchion, with 
asial loads from the roof and 
front wall panels and non-axial loads from two floors. By 
consulting standard tables it is found that this section has an 
area of 16"76 sq. ins., a section modulus of 76-12 inch units, and 
least radius of gyration of 1 "S ina. •Prom the top of the stanchion 
down to point A there will be a uniform stress of -7- = TfiTfi" ~ 



CrrKJnef Itv^i 



Fm. 205.— Sketch showing Looda 
upon Stall chiou. 
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0*6 ton per sq. in. compression over the whole section. The 
non-axial load of 22 tone prodaoee a bending moment of 22 x -3- 
= 154 ton-ins., and the extra stresB prodaced between A and B 

0-69 tons per sq. in., to which mnet be added the compression 




Fio. 2G6.— Sectiim of BoUed-ateel Joiet wjth Plate attached to one Flaug& 
Fio. 268.— Vector diagram for Fig, 366. Fra, 269.— Haxiiniim inertia 
area for ditto. Fia. 272.— Vector diagram tor Fig. 266. Fio. 273.— 
Hicimnm inertia area for ditto. 

of 0'6 ton, making a total stress of 4*05 tons per sq. in. com- 
pression at inner edge, and 001 ton per sq. in. compression at 

enter edge. From B to C the extra stress will be -j- ± -=- = 

life ± ^^= ^'^^ ± 2-02 = -{- 8-88 tons per sq. in., and 
— 0-71 ton per sq. in,, and the final stresses at ground level 
will be 7'38 tons per sq. in. compression at itmer edge and 
07 ton per sq. in. tension at onter edge. 
B; the L. G. C. rule the maximmn allowable stress for 



(ibyGoot^Ie 



STANCHIONS FOR MORE THAN ONE STOREY II 



the ratio ol — = 



14 X 12 



129-22 is 3-27 tona per aq. 



BO that this section would not be passed as safe. Add 
6- in. by j-in. plate to the inner edge, as Fig, 266, from the second 
floor level to ground, and another from first floor to ground, as 
Fig. 267, and as the section modulus cannot be readily calculated, 
tha section must be drawn out as in Fig. 266, and the maximum 



1 




. — Section ot RoUed-^teel Joist with two 6-In. by ^in. Plates 
nttnohed to one Flnnge. Fio. 270.— Vector diaerauj for Fig. 367. 
Fig. 271.— Maiimum Inprtiu area for ditto. Fig. 27*. — Vector 
diagraiu (or Fig. 267. Fio. 276.— Minimum inertia area lot ditto. 



inertia area found graphically as follows. Divide the aection intol 

any convenient number of parts, and draw horizontal lines 
through the centre of gravity of each part. ' Calculate the 
separate areas, and set them down as a load line 1 to 10 in Fig. 268. 
Set off pole Oat right angles to 1-10 and equal to half the distance 
from 1 to 10. Draw vectors and parallel with these across their 
respective spaces construct the inertia area. Fig. 260,the intersec- 
tion of the lines parallel with — 1 and 0—10 giving a point on the 
neutral axis. This area is then measured by plauimeter, and allow- 
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ance made for scale^tbat in, if drawn J fali-size, the area fonnd 
mnst be multiplied by (4)^ ^ 16, to give the full-size area. Then 
/= ^a where ^4 := area of section and a = inertia area, and in the 
present case I = 
^a = (16-76 + 6 X i) X 34-4 = HdS, Zx = ^^ = I04-6,Zj 

= —^ = 84-97, and M = 22 X 6'5 = 143 ton-ina. for the 

part from second to first 3oor ; and for the part from firat 
floor to ground it is found from Figs. 270 and 27X that I = 

(16-76+2x6 X i) X 35-2 =801,Za:: 

= 89, and M = H x Q = 132 ton-ina. Then, as before, the 

stress from roof to point A = 0*6 ton per sq. in. compression ; 

lu * . X. ^ K AT> W ,M 22 + 2 , 143 

the extra atresa between A and a =^ -j-+ -y- = ^q,„„ + TTjTig 

W 
= 1*21 + 1'37 = 2-58 tons per sq. in. compreBsion, and -^ 

w 

A 
-„ -„ + -Too- = 0*97 + I'O = 1*97 tons per eq. in, compresBion, 

"■"> 5 - I = sIIb - W = o-o' - "« = O" '°- P" 

eq. in. tenaion, making the total atreas at B 3-18 tons per sq. in. 
compreaaion at inner edge and 0-13 ton per sq. in. oompreesion 
at outer edge, a,nd the total stress at C 5'ld tona per sq. in. 
compression and 0*38 ton per aq. in. tenaion. To find the least 
radius of gyration to ascertain the L. C. C. allowance for stress, 
obtain the inertia area for bending in the other direction by 
means of Figa. 272 and 273, then r = Va'= V2^ = 1'6. The 

ratio — at B = — :r-rx — = Wi or 4'25 tona per eq. in., and at C 
r I'b r -I 

by means of Figs. 274 and 275 r = Vs^i = 1-74, ^'^^^^^ = 

96"55, or 4'09 tons per aq. in. It will therefore be seen that the 
addition of the one |<in. plate will be sufficient between A and 




STANCHIONS FOR MOEE THAN ONE STOREY 187 * 

B, but the second J-in. plate between E and C is not sufficient, 
and aoinething more substantial is necessary. Try the addition 
of a 9-in. by 3J-in. by 25'4-lb. channel instead of the second 
i-in. plate, as shown in the eeetion Fig. 276. The inertia area 




Fio. 376.— Section ot Joiit with a Plnte »nd 
Channel attached to one Flange, FlO. 277.— 
Vector diagram for Fig. 376. Fid. 378.- 
Mnximum inertia area [or ditto. FlO, 
379.— Vector diagram tor Fig. 876. FlO. 380, 
□ inertia area for ditto. 



1 found by means of Figs. 277 and 278, and I = Aa ^ I 
1041-3 ,„„ , 1041-S 



27-23 X 38-24 = 1041-3, Zx  



- 132, Zy = 



6*8 ton-ins. The extra stress between 
12 
" 27-28 "' 182 " 
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96'S 



^^H^ ., IF it/ 22 

^^Vper Bq. m. eompreBsion and ^ — ^ = ^i^^^g — ^^ — -j o — 

W 0"94 = 0-14 ton per sq. in. tension, and the total stress will be 

I 4'71 tons per aq. in. compression at inner edge, and O-Ol ton 

^^^ per sq. in. tension at outer edge. The least radius of gyration 

^^H fotmd from Figs. 279 and 280 ~ V6'24 = 2-5, and the ratio 

^^m I_ 14 X 12 



: 67*2, or, say, 4'75 tons per sq. in., so that the 



section proposed will be within safe limits. The advantages of 

«xtra area and side-flangea to the stanchion prodaced by the 

addition of a channel section are, to a certain extent, reduced by 

the increased distances of j- and y to the edges of the section, 

and the section moduli do not increase in proportion to the 

inertia area. 

This does not seem a satisfactory conclusion, and it will be 

desirable to try a section with broader flanges and less depth, 

say the 9 ins. by 7 ins. by 58 lbs. It will be observed that it is 

5 ins. less in depth than the section already tried, although only 

1 lb. per ft. less in weight and the reduction of depth will give 

less overhanging to the side loads reducing the maximum stress, 

while the extra width of flange will increase the least radius of 

gyration, and permit of higher stresses being adopted. The 9-in. 

by 7-in. by 68-lb. rolled steel joist has an area of 17*06 sq. ins., 

a section modulus of = 51*0, and a least radius of gyration of 1'64. 

W 
From top of stanchion to pomt A the stress will be = -j = 



i+l~ 



0'58 ton per sq. in. compression. Between A and B 



the bending moment = i 



I ton-ins., and the extra 



^ , 



stress between A and B = ^ ± >^ 



.22 + 2 



± -^ = 1-41 ± 



 Z 17-06 

1-94 = 8*35 tons per sq. in. compression and 0-53 ton per sq. in. 
tension, and the total stress at E = 8'35 + 0-58 = 3'93 tons 
per sq. in. compression at inner edge and 0'58 — O'SS = 0-05 ton 
per sq. in. compression at outer edge. 

If M 22 99 

The extra stress between B and C = ~r ± -^ = , „.„^. + ;t 

A Z 17 uo 51 
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=s lilS ± 1'94 = 3*28 tons per sq. in. compression and 0*65 ton 
par Bq. in. tenBion, and the total stress at G = S'28 -|- 3*93 = 
7"16 tone per sq, in. corapression at inner edge and — 0*65 -f- 
0"05 = 0"06 ton per sq. in, tension at outer edge. 

Bj the L. C, C. rule the allowable stress for 12 ft. high = 6'5 

— jTj X — 7-- J  = 4"8 tons per sq. in. and for 14 ft, high = 

1 14 X 12 
6"5 — -ji X — r;jQ — = 3-9 tons per sq. in., showing that 

joist alone will not be sufficient between B and C. 




l-in. by 7-io. by 68-!b. Eolled-sMel .Toiat with Plate 
Bttacbcd to ODC Flange. Fig. 382.— Vector diagram tor Fig. 281. 
Fio. 289. — Mnximum iocrtia area for ditto. FIG. 284.^Vector 
dingtum for Fig. 381. Fib. 38G. — Minimam inertia area lor ditto. 

With a 7-in. by |-in. plate added between B and G as in 
Fig. 281, making area 22'81 sq. ins., I from Figs. 282 and 283 = 
= Aa = 22-81 X 14-88 = 831-97, say 332, M = 22 X 4-0 = 

qqo HIS 

88 ton-ins. Z,= ^ = 83, and Z, = -^^ = 57-7. 

Then the extra stress between B and C = -j + j,- = nrjToi 
+ ^0 = I'O + 106 = 2-06 tons per sq. in. compresaion and 



- = 1-0 - 1-52 = 0'52 ton per sq. in. 
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tension. Total stresB at C = 8*96 + 2-06 = 6-01 tons per 
gq. in. eompreasion and -07 — 0*62 = 0-46 tons per aq. in. 
tension. From Figa. 284 and 28S the least radius of gyration 
r = Va = i/€^ = 1-92, and the London Gomity Coancil 
. 14 X 12 



allowable stress = 6*5 — jjt X — ..q„ = 4-81 tons per sq. in. 

against the 6*01 tons which woald oocar. 

Instead of endeavouring to bring this single joist np to the 
required strength by extra plates, it is evident that a fundamental 
departure is necessary, and a compound section with two rolled 




joists and plates must be tried. Try two 10-in. by 5-in. by 30-lb. 
rolled steel joiste connected by two 12-in. by J-in. plates as 
in Fig. 286, and for instructive practice calculate by formula 
the moment of inertia in the two directions. 
The moment of inertia about XX = 

a (BV - fctP) -t- C (D + 2gy - CD' _ 
12 ~ 

2 (6 X lO" - 4-64 X 8-9>) + 12 (10 + 1)' - 12 X 10* _ 



: 112-7. The moment of inertia about yy 



_ iD - due - <^) + d(C ~b)' + 2$ C ~ dib + ef 
~ 12 
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1-1 (128 - ^) + 6-9 (12-4-6 4)» +a X O'S X 12" - 6-9(4-6 + 2)° 



From top of Btanchion to point A, the atrees will be -^ = "sjs" 
= 0*34 ton per sq. in. Between A and B the bending moment 
= 22 X -H" = 121 ton-ins., &nd the extra streaa = -j- ± -^ = 

- ao^ — ± ..-. - = 0'81 ± l-OT = 1'88 tons per sq. in. oompres- 

Bion and 0*26 ton per eq. in. tension, making the total streBS at 
B = 1"88 + 0'34 = 2"22 tons per aq. in. compression and — 
0'26 4- 0*34 = 0'08 tone per aq. in. compression. The London 

County Council allowable stress — "•= " 



6-5 - 



40 



W 



5"S8 tons per aq, in. Between B and C the extra atrees = — j; 



M 



121 



pression, 0'83 ton per aq. in. tension, and the total streaa at C 
= 1'61 + 2'22 = 4'03 tons per aq. in. compresaion and — 0'3S 
+ 0'08 = 0"25 ton per sq. in. tension. London County Council 
1 ^ 14 X 12 .^ , 
40 ' — ¥^2 — ~ °^ P^"^ ^' "*■ 



allowable streaa = 6-5 — 



plates might be aubatituted for the J-in. 
le streas would .then be smaller and the 



It ia poaeible that | 

platea, but the 

actual stress greater, while if ^-iu. plates are retained, the 

margin of strength will not be excessive. 




TJSB OP SUBSTITCTED MeUBERS IV FlNDINQ EbCIPROCAL StBBSB 

D110KAM6 — ExAUPLBS FOB Vabioos Typbs OF RooF Tfinss 



In determining the stresssB on braced Btructures by means 
of reciprocal diagraniB a difficulty often arises by reason of 
the existence of suparfluous members. Although redundant eo 




FlO. 287.— Frame diagram o( Roof Truss with aubstitmed Members 
Fig. 288.— Stress diagram for ditto. 

far as the oeceaBary tranamiaBion of atreBB ia concerned, 
they are generally desirable from conatructional or practical 
considerations, and hence it ia neeeBsary to accept the conditions 
and find the stresses that occur in all the members under the 
given loading. To do this iiivolvea the expedient gt (iBauoting 
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temporarily certain substituted members to simplify the trufls. 
The method was first shown by Mr. James E. Willett, in a paper 
on " Some Applications of Graphical Statics," read before the 
Chicago Chapter of the American Institute of Architects, on 
March 22, 1888. He kindly sent the author a copy of the paper 



TRUSSES 
idS'O" SRftN 
ir,5' CENTRES 




through Mr, R. H. Bow, of Edinburgh, who is well known as the 
originator of Bow'b Notation. In the ordinary way the points 
of a stress diagram are obtained by working from two known 
points to find the unknown third point, but this fails when the 
truss contains internal trianRulation. For exam_ple, in the truss 
Fig. 287 a substituted member a-b, as shown by the dotted line, 
must be inserted in the place of 11-12 and 12-13, in order to find 
point 14 ; thus, after point 10 in the stress diagram Fig. 288, the 
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order of working will be lO-a, S-a, a-b, i-b; b-li, 9-14 ; then, 
ignoring points a and b, the order of working will be 10-11, 14-11 ; 
11-12, 3-12; 12-13, 4-13. A eimilar substitution is made on 
the other side of the truaa. 

The theory ie that the principal stresseB will be the same 
whatever arrangement be adopted for the internal trussing, 
provided the pointB of application of the loada and reactions are 
unaltered. 

The ordinary Fink ttuas. Fig. 289, may be worked in a similar 




manner. The stress diagram is shown in Fig. 290, and no 
difficulty will be found after the previous explanation. Fig. 291 
shows the case of a Fink trusa that appeared in the En^inei^riitg 
Record, where it was required to determine the additional 
BtreaseB produced in the members by certain hanging loads 
concentrated at the inner joints of the upper short atmts. 
Inserting a Bubstituted member as shown by the dotted line, 
from the apex to the tie-bar, the stress diagram Fig. 292 is 
commenced by drawing the load line CB and reaction BA 
coinciding with it. Then, asauming all the inner truss members 
to the left of the dotted line to be absent, ^-A', B-X gives 
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point X, which will also h& a b and c ; X-¥, C-Y gives point Y, 
which is k. Then k-g B-g givea point g ; g-d, ahc-d, gives point d ; 
A-ef, d-ff, gives point ef; and ef-h completes the half-diagram. 
There will be no stress from the load in those members which 
are dotted, viz., a-b, b-c, and c-J. Fig. 293 shows a tniss 




Flo. 393.— FrBmE diftgniai ol Circalar Trosa with BubBtitaled Members. 
Fio. 294.— Stress dtBgmm tor ditto. 

that presents rather more difBculty. Find the reactions by 
means of a funicular polygon in the ordinary way, tlien draw 
the load line in Fig. 294, and from point 9 draw 9-14 and 9 15 
indefinitely. Complete the diagram for the dotted members and 
produce c-d to meet the linea parallel to 9-14 and 9-15, giving 
the points 14 and IS. Then ignoring points abcdej, the full 
stress diagram may be completed. 

o2 




Fio. 296. — Fnune diftgtun ol Ttdm with Beactioiu fonnd by FaDlcnlar PoljgOD. 
Tm. 296. — Ditto, with BeactJODS found by Bohgtituted Member*. FlO. SSI.— 
Btnm dlagrftiD for ditto. 
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FlO. 298.— Frame diagrsm of Tnua with lAntern Light. 
Fia. aM.— 6tieM dltgram for dltta 
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s shown in Fig. 295, the 
ned bj means of a funicular 
ing BubBtituted membere in 



A common form of roof truss : 
reactions for which are generally obtain 
polygon, but they may be found by u 
the truss as shown in Fig. 296. Set down the load line 1 to 6, 
Fig, 297, then 3-c, 4-c gives point c ; c-b, 2-b, for point b ; b-d, 5-d, 
for point d ; d-a, \-a, 6-a, for point a, which is also point 7. The  
reaction 1-7, 6-7, being found, the remainder of the stress I 
diagram may be completed in the usual way. 




Fig. 298 ahows a truaa with a lantern light, the stresses in 
which require the aid o! substituteti members as shown by dotted 
lines. Fig. 299 Is the corresponding stress diagram. 

Fig, 300 shows a root truss of rather curious form submitted 
to the author some time ago. The truss was 60 ft. span. 
Adopting substituted members, the stress diagram will be worked 
as shown in Fig. 801. 

Fig. 302 shows a large compound roof truss for a span of 
75 ft., with vertical loading. Substituted members are inserted 
to give the spaces P Q R when the stress diagram Fig. 303 can 
be coQBtruoted without difioulty. 
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Via. 303. — StreH dJagrsin foe Ttiim 7ML ipuL 
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These examples will be eafficient to show the general method 
of dealing with stmctnreB where the Btreeses are indeterminate 
by the ordinary me&ne of reciprocal diagrams. It will be seen 
that the general principle is to ignore the aotnal trussing in the 
first instance, drawing snbstitnted members from the varions 
points of application of the loads to a joint on the lower side of 
the trass, and then to revert to the actnal troasing when the 
stresH in the intervening member is obtained. 

Some girders with compound trnssing, snch as a Whipple- 
Morphy girdei, cannot, however, be dealt with in this way, and 
reqnire special treatment, which will be described in the next 
chapter. 
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CHAPTER XXVI 



VABioDfi Types of Braced Giedbes — Example of Findiso 

StBESSES in WhIPPLE-MdRPEY GiBDEfi BT Al«AI,TBlB Of 
COKPONBNT FbaHEB 

Braced girders are of many forms, of which the Warren 
I girder, lattice girder, lattice girder with verticals, and trellis 
I girder have already been described ; these have a uniform 
I arraogement of bars in every bay. Besides these there are a 
I few other parallel flange girders with irregular bracing. The 

I\i\ixixi/i7 l 

FIG, 304 _ f^oCf Truss 

>/1\l\lxlxM/K 

F1C.305_ IHoctifiec/ Praa Truss 



FIG. 30S_ Hctve Tnjsa 

Pratt truss or N girder, Fig. 304, with vertical struts and 

inclined ties, was widely used on early railways in America. It 

was constructed with timber for the booms or flangeB, floor and 

Btruts, and wrought iron for the diagonal ties; the centre bays 

had usually an additional tie to prevent distortion of the bridge 

when partially loaded. The modifled Pratt truss, Fig. 305, had 

[ the top boom continued down to the base at each end, the last 

I verticals then being in tension. The Howe truss, Fig. 306, had 

I inclined struts with vertical ties and e>^tra ties at the 
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bays. When iron was Bubstitufced for timber, owing to the 

number of bridges burnt down by sparks from the locomotive 

. engines, the same types of girder were used, but the Howe truss 

has been perhaps the design most often adopted both ui America 

FIC, 107 _ Brunsi Qirv/ei' 



FIC 309_ //»/) -fio/iyerf Circ 



FIG 310- Hag-barkcc/ Circ/^ 
FIG. 51 1 _ fn'nk T^uss 



and elsewhere. In England when plate web girders fell into 
disuse tor large spans the Howe truss was adopted, and this has 
been succeeded by the Whipple-Murphy girder, or Linville truss, 
Fig. 822, also an importation from America. As the stresses in 
this form of truss give some special difficulties, an example will 

i)i<ii.,cobvGoo<^le 




?ia. 313. — Frame diagram d Whipple-Hurphy Girder, 16-tt. Bpan, with Load 
FiQ. 323.— Complete Stteaa dii^inmi tot ditto. Fig. 334.— Enlargement at . 
in Fig. 923. 
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be taken, bat it msy be bb well first to call attention to s few 
other forma of braced giidera. Fig. 307 shows a Brunei girder, 



UmiCQIUXLV D'STftifiuTCD 




■4212 Jaaa 
FlC. 322 

— Frame dingnun nith complete Strebsea marked ' 



where the depth varies as the ordinates to a parabola, giving 
nniform Btress throughout the top and bottom flanges ; Fig. 308, 
abowBtriog or bow and string girder where the top flange onlyia 
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parabolic, and Fig. 309, which shows an inverted bowstring or 
fiah-bellied girder. In these the web members may be all 
equally inclined, or alternately vertical and inclined, or crossing 
each other; in fact, any form of lattice may be adopted so long 
as the outlines of the top and bottom members remain unaltered. 
The fish-bellied girder is the asual type for travelling cranes 




Fib. 31f;. — Part fmme diitgrani of Girder. 
Fig. 317.— atresB diagram lor dillo. 

when the top flange is required to be level for the crab to run 
upon. Sometimes the bowstring girder is terminated with 
vertical ends, as Fig. 310 ; it then becomes known as a hog- 
backed girder, and may be looked upon as a Pratt truss reduced 
in depth towards the ends. Another distinct set of types is 
furnished by trussed beams, of which the Fink truss, Fig. 311, 
and the Bollman truss. Fig. 312, are special forms. 
As an example of the stress diagrams for a Whipple-Murphj 
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girder, the skeleton elevation Fig. 319 may be taken. This la 
purposely made unuBually short in order to keep the diagram 
compact, but it is sufficient to show the mode of working by a 
detailed graphic analyais of the stresses. Generally there would 
be more bays, up to, say, sixteen, the two end ones having the 
top flange brought down diagonally to the abutments, as in the 




modified Pratt truss. The span taken in the example is 45 ft., 
the depth 10 ft., and the load two tons per foot run. The girder 
must be assumed to consist of several component girders super- 
posed, the loads being divided equally between the superposed 
vertical members. Commence with Fig. 314. which has the 
Bteep diagonal, and draw the vertical and inclined members as 
they loUow on. Take half the load at each apex that ie shown, 
and conatiuct the Btresa diagram. To do this the load line mnst 
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firet be drawn, and point 1, giving the reactionB, vill be obtained 
{rem the fonioalar polygon in the neoal way, and the stroi 
diagram Fig. S15 maj then be constracted withoat difficaltj. 
Next take Fig. 816 with the steep dif^onal in the first bay again, 
and lollow with the bracing members as shown; the sittm 
diagram Fig. 817 will be constracted as before, and the 




Fra. S30v— Put trtune diagnm of Olidor. 
Fra. 331.— Stre* dlkgnm for ditto. 

should be scaled off, and marked npon the frame diagrams. Now 
take the 46 deg.diagonal crossing the first two bays, and follow with 
the bracing, as shown in Fig. 816, and draw the stress diagram 
Fig. 319. The remaining component tmss will be aa Fig. 820, 
and the stress diagram as Fig. 821. 

Having now obtained the stresses in all the bars of the 
component girders, they may be sammed ap and inserted on 
Fig. 322, which shows Uie complete stteeses on the whole girder 
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for a anifonuly-diBtribated load. It is interesting to note that 
although these streases conld not be determined by a single stress 
diagram, it is possible to construct such a diagram from the known 
stresses, as in Fig. 823, and it is useful to draw this as a check 
apon the work. The stresses at the extreme point of the diagram 
are so small that this part has been enlarged in Fig. 824. In 
some cases when a complete diagram is constructed from 
component stresses, the method of constructing it direct maj be 
disoovered upon inspection, but this does not appear to be one of 
those cases. By a similar method to that shown above, the 
stresses due to a rolling load may be determined, but it would 
require something like sixteen additional diagrams, allowing for 
the load to advance consecutively to each janction on the bottom 
flange. 

In the actual construction of the girder the top flange is 
nsaally of box girder shape with an open bottom, and the bottom 
flange is composed of two groups of plates placed vertically with 
the web members between. An arched portal frequently connects 
the top flanges of the girder - at each end, and two or more 
overhead stay girders are placed at intermediate points. 
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CHAPTER XXVII 



BowsTBiNo Lattice Oibder Footbridsb — Cohplbtb 
Calculations and Dbbiqn 

A DBStoN vill now be made for a bowstring lattice girder 
footbridge 60-ft. span, with a clear width between girders of 
7 ft. 6 ins. 

Weight of men in crowds .... 1 cwt. per ft. sap, 

,, allowed on public buildings . . =: 1^ cwts. „ „ 

„ „ on warehouse floors . . =: 2^ cwts. ,, „ 

For this bridge, say IJ cwts, per foot super. Assume width of 

girder flanges 9 ins., then the girders will be 8 ft. 3 ins. 

centre to centre. 

60 X sa y 8 X 1-5 

20 
WL _ 36 X 100 
' 200 200 

36 + 18 _ 



Total net load on bridge ~ 

Weight of structui-e, s 
Gross load on each girder ~ 



.86 tons. 

18 tons. 

27 tons distribated. 



60 



Centre depth of girder, say ^ span 

Say 10 bays with vertical bars and bracing, each 

Load on each apex — " — 



 10 



6 ft. 
6 ft. wide. 

2*7 tODB. 



Frame diagram of girder, see Fig, 32S. 
Reciprocal stress diagram, see Fig. 826. 
Scale oflf stresses and insert on Fig. 825. 

Size of rivets, say . 5 ^''• 

Single shear value, each 2-2 tons. 

End compression bars 10"8 tons, 

Unsupported length, say 



Number of rivets each end -;^ = 



> rivete. 
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Try a 3^ by 3J by ^ angle, taken aa one end filed, 

one rounded. 

fS _ 6-5 X 2-9 



Tlien If: 



10-41 tons. 



^ nq\d/ ^ i X 8,750 U'S/ 

Nest compresBion bar 5*2 tons. 

Unsupported length, say 92 ins. 



Number of rivets each end 
Try a 8 by 8 by g angle. 
Then safe load W = 



say 



■5 X 211 



1+i 



2-5 



3 rivets, 



6'1 tons. 



J X 8,750 V 8 / 

Next compreHBion bar 2*6 tona. 

Unaupported length, say 97 ins. 

2-6 , . . 

— eay ... 1 rivet. 



Number of rivets each end 
Try a 2^ by 2J by ^^ ^-agh. 

Then aafe load W = 

1 + ] 



2-2' 



■5 X 1-47 



2-5 



J-18 tons. 

i~><~3^756 V2^/ 

Note. — These are good proportions for the angles and it is 

not possible to provide them of exactly the right strength. The 

remainder may be similar to the last one foand, as it is aseleea 

to go betow a workmanlike size. 

Width of bar required for a given number of rivets will be 
found by allowing IJ d from centre of outer rivet to edge of 
plate, and 2J d centre to centre of rivets. Diameter of rivet 
head, say 1§ d. 

A tension bar with one |-in. rivet in end must there- 
fore be not leas than 3 d wide = 3 X | = 2J in. 
wide, giving a net width of 2 rf = 2 X 5 = . li in. 

A bar with two riveta in the same line will be SJ d 
wide = 5i X f = 4125 ins. wide, say 4 ins. 
giving a net width of 4 — 2 X J . . . 2'5 ins. 

End tension bar 10'2 tone. 

102 



Number of rivets 



2-2 



: 4'6, say 



5 rivets. 
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10-2 



Practical dimensions, say 

Next tension bar 

Number of rivets ^ = 2-5, say . . . 

Try a bar 3 ins. wide then net width = '2J 

6-6 „a  

^2-25irW= ^^'°' 

Practical dimeiiBions with rivets placed singly 

Next tension bar .... 



4 iaa. by g in. I 
5-6 tons. I 



thickness r^ 



Nmnber of rivets ^^ = 1"6, say 

Try a bar 2i ins. wide, thickness j: ^^"^ fi-'i 
Practical dimensions, say .... 
Tbe other bars may be the 
in each end. 

End upright, compression 



8 ins. by I in. 4 
8-5 tons, 1 



ij ins. by I in* I 

size with one rivet 



6075 tons. 



As this is supported throughout its length and will be 
strengthened by a web plate, a 2^-in. by 2^-in. by ^in. angle 
will be sufficient. 

The other uprights are all in tension with equal stressaa 
of l'S5 tons, and may be made the same as the smallest 
diagonal tension bars, 2J ins. by g in., with one rivet in 
each end. 

Top flange. 
A strnt may be applied on outside o( each main girder 
for support, IJ bays apart, the unsupported 
length of compression flange sideways will, there- 
fore, be 1^ X 6 = 

Masimum stress in compression = , . . . 
Try two 4-in. by 4-in, by ^ angles, ends flxed. 

Thenir ^'-^^ 



9 ft. 
84-6 toDS. 
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Then for the two 4-iii. b; 
4-m. by^io. angles, 
ends fixed — 

6-5 X 6-6 




W- 



1 + 



} X 8,760 



^w 



Bottom flange. 
Maziinum Btreas in ten- 
sion = . . . 88-6 ioos. 
The sectional area o( two 
4-iij. by 4-in. by J-in. 
angles, less one rivet 
bole = , . . 6*76 sq. ins. 
In addition to the direct stresB 
there will be the bending moment 
dne to the load on the deck beams at 
centre of each bay. The load on 
each deck beam = 7*5 x 8 x I'S = 
8S*75 owta., or 16'87& cwts. on each 
girder, which prodaoeB a bending 
moment in the centre of each bay of 

16-975 X^l-5X 12 ^,„8 tog-ins. 

The distance {x) of neutral axis from 
nearest edge of section = 

2 X 3-76 -'-am-. 

= 4 — 1^2 = 2-8 ins. / = 

x2-e'+exi-2'-(e-i)(i-2-i>' 



:= 11'126, then Z, 
9-27, and Z, = - 

Then - 3- + ^. 
= - 5 + 



_ I _ 1112S _ 
~ x~ 1-2 

88-6 1518 

~ 6-76 "*" 8-97 
I =; — 1-18 tons 
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... , W M 83-6 15-18 

per flq. in. tension and — ^ — -^^ = ~ 675 ~ ~9^~ ~ 

1"68 = — 6"63 tons per sq. in. tension, which la just safe. 

The load on the deck beams will be 7"5 x 3 x 1"5 = 

W. 
33'75 cwte. distributed, producing a bending moment of —^ 

33-75 X 7-5 X 12 



20 X 8 



-=^18*96 ton-ins. Try a 4-in. by 4-in. by 



J-in. tee section with a moment of inertia of 5'56, then x = 

2 X S-75 

6^56 
1-2 




= 4-l-2 = 2-8iD8.,Z,= 
The Btressee will then be 



18-96 



2-0 



per sq. in. tension. 

These tees may be continued round to form the outside struts 
as shown in Figs. 327 and 328, and they should be quite sufficient 
to stiffen the girders against the pressure of an ordinary crowd, 
but if a crowd of football spectators might at any time be 
collected against one girder, an overhead arched tie should 
connect it at the centre to the other girder. 

The floor boards will have to support a load of 6 X Ij = 
9 cwts. ; assuming them to be 11 ins. wide, the thickness required 

= y^-^= ■v'e = 2-286, say 2i ins., which allows f in. for 

wear on 11-in. by 3-in. planks. 
Both flanges will, therefore, run through the same size, with 



ifi.^ 
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packing between the angles, 12 ins. long, with two rivets through 
each as showD in Fig. 827. 

The joints may DOw be designed. They should be drawn oat 
singly to a large scale ae shown in ontside elevation in Figs. 829 
to 898, whiah are lettered to correspond with the letters on the 
elevation Fig. 827. 

For wind bracing, 2-in. by |-in. bcura may be riveted to the 
croBs beams and checked into onderside of flooring, passing 
diagonally over, say, three intermediate beams. 
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^ to J of Bpan. Let ABC, Fig. 340, represent the elevatioQ of s 
aaepeiiBion chain aniforml; loaded tbroaghoat its length or 










__ — '^^ 




^^ 




nC 342 



\ 

\ 




IE '' 

nc 3*3 


/ 


«■ 


^ 



Fia. 8S9. — Graphic approiimalion to Caten&rj Ooire. Fia. 3i0. — Bleva- 
tion of Suspension Cbain. Fio. S41. — Streas dlsgnun for ditto. 
Fid. 342. — DiEignuu of compomtlTe Bticu with vuTing dip. 
Fio. 343.— Diagram for length ol SuBpemion Rods. 

throughout the span with a total load A C, then by graphic 
diagram, Fig. 841, \6iAC=^ line of loads, draw AD,C D, parallel 
to tangents to chain at A and C, which will vary with the method 
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of loading, then the lengths A D,C D mil give the stress at pointa 
A and C. Biaiila.rly D B parallel to tangent at B, or DE parallel 

to tangent at E will give the stresses at those points. 

Fig. 842 shows a graphic diagram of -the comparative stress 
upon a suspended chain, from which it will be seen that half the 
dip gives double the horizontal stress. In this figure the length 
of the diagonal lines gives the comparative stresses at point A, 
and the distances / '(, / c, and / 3 give the horizontal stress at 
centre of dip for the parabolic curves passing through c, k, and L 
The length of the suspension rods in a suspension bridge may be 
found by calculation, as shown in Fig. 843, where the length of 
any suspension rod as Z) G at a distance D K from the centre of 

span = ' (4 yia ' ' 4" ^^- The tension in the backstay of a 
cable depends in the first place upon the pull of the cable, and 
in the second place in certain circumstances upon the angle of 
the backstay. This can easily be determined by the parallelo- 
gram of forces; for example, assume a cable suspension bridge 
of 100-ft. span with a dip of 10 ft., each cable carrying a total 
distributed load of 150 tons, and free to move over the piers, the 
backstay making an angle of 45 degrees. The tension in the 
cable at the piers will be 

- /WW~rWY //ISO X loov , /156V 

Va8T5f + 75" = V40781-25 = 201-9 tons. The tension in 

the cable at the lowest extremity will be - „ j  = — □ - - . „ — = 
o ffl o X lU 

187'5 tons. As the cable is free to move over the piers the 
tension in the backstay will be the same as at top of cable = 
201*9 tons, and the pressure on the piers by parallelogram of 
forces as in Fig. 814 will equal 224 tons. 

If the cable had not been free to move over the pier the 
backstay would have had to resist, instead of the foregoing, the 
horizontal pull at top of pier of 187'6 tons, which is the same aa 
the horizontal tension at lowest point of cable. The tension in 
the backstay would have been V2 x (187-5)'' = 265-1 tons, aa 
shown by Fig. 345. The pier would have -.,- ^ -V ^ 75 tons 
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Fia. 344. — Paraltelogram Bbowing Sttessea at nppait when Cable is free 
to move. FiQ. 346.— Ditto, sbowiog Stren Id Backatcj when Cable 
is fixed. FlO. 346.— Ditto, Bliowiiig Streasea at mipport wben Cable is 
filed. 

due to the pull of the cable, and 187'5 tons due to the pall of the 

backstay = 75 + 187*6 = 262-6 tons total, as shown by Fig. 946. 

If one end of the chain be higher than the other it will hang 

in the shape of two semi-parabolas, and the tension at the lowest 
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point will be the same as if the whole chain were compoeed of 
two equal sides like either of the portions, bat the lowest part 
will not be in the ceotre, so i,ha.i the whole parabolas woold not 
be o( equal span. 
For example, take Fig. S47. The tension at lowest point C of 




Fro. 317. — Blerktion of Chain with one support higher tlum the other. 
FlO. MS.— StiCMea at mpport A. FlO. 349.— StreMea at mpport B. 
Fid. 360. — Siurpetuioii chain with niiBjmmetrlcal loading. 



„ «'(2y) ' 



W3^ _W^ 



j^^ .hioh cqimU -j^ , therefore^ = -j^, 
= 4-, and the ratio-i = the ratio-7- which is 



211*., andy=j;ji|^XlH) = 87-9tt., and 621+e7-9 = 
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150 ft total span. Taking the left-hand portion the tension at 
= 1S4'27 tons, and from the right-hand 




Fid. 361.— UDstUEened SnBpenslon Bridge. FiOB. 353 uid 353.— SoBpen- 
sioa Bridges with simple alopii^ Snspeniioii Links. FlO. 364. — 
Buapeiuion Bridge with braced Stupenaiaa Links. FlQ. 356. — Ditto, 
with verticAl Sospension Links and Lattioe Qirder. 



portion the tension at (7 = ~- 



«y _ 2 (87-9)' . 



. g^ gQ — 154-52 tODB, the 

small difference being dae to the omission of further decimals in 
X and y. The mean maj be taken as 154*4 ions. The tension 
in the chain at support A will be the direct pnll in the chain 
due to the load, bnt ma; be resolved into two forces, a horizontal 
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pall and a veitical pressure ; the former will be the tension just 
found, 154'4 tons, and the latter will be the load upon the length 
x = wx = 2x 62-1 = 124-2 tons. Then the tension at A will 




FlO. SBC. — SuapenrioD Bridge with Oirdcra !a two pain hinged M oentie. 
Flo. 3S7,— Ditto, with two guspenBion Chains braced together. 
Flo. 368.— Ditto, with Chaias in two Begmenta bracfd together. 
FlQ. 353.— Onliah Suspenaion Bridge. FlG. 3G0,— Boilmau Ttubb 



be the resultant = V(154-4)* + (124-2)'' = V39,265 = 198-1 tons, 
and the triangle of forces will be as Fig. 348. The tension 
in the chain at support B will be in the same manner = 
V'(154-4)'' + (ITS-ST' = V54,745 = 234 tons, and the triangle 
of forces as Fig. 349 
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1 



The difficulty that occnra with a Bimple roadway snapended 
from a hanging chain or rope is that unequal loading alters tlie 
curve of the chain, and tends to pall it into the position shown 
by the full lines from A and B in Fig. 850 where the dotted Une 
shows the ordinary parabola produced by a uniformly distributed 
load. The stresses at A and B will be the parts cut off from the 
straight lines by the parallelogram of forces as drawn. To over- 
come this diiBcuUy Tarious devices have been proposed or carried 
out as shown in the fAlIowing figures: Fig. S51 shows an 
ordinary unstiffened suspension bridge where the suspension 
rods are vertical and the flooring not braced by side girders, so . 
that a concentrated load on any part tends to draw the curved | 
chain downwards at that part. Fig. S52 and Fig. 353 show I 
modiflcations of the system of simple sloping suspension linlis by 
which the roadway is partially stiffened, but the tension in the lower 
member is increased. Fig. 354 shows a bridge with the vertical 
suspension link braced so as to form a lattice girder of varying j 
depth and prevent any tendency to distortion under a travelling | 
concentrated load. Fig. 355 shows vertical suspension links and | 
the roadway stiffened by a lattice girder on each side. In this 
arrangement an increase of temperature causes the main chain 
to sag and deflect the girder with greatly increased stressee due 
to the deflection. Fig. 356 shows a similar arrangement bat 
with the lattice girder in two pairs hinged in the centre and free 
to move on roller bearings at the ends. In this case the stresses 
due to deflection are avoided, but a heavy bridge is the resolt. 
In the bridge shown by Fig. 857 the chains are stiffened by ' 
bracing two together so that a light roadway only is required. 
In Fig. 358 the chains are braced in two segments hinged at 
their junction. This is considered to be a very good arrange- 
ment. Fig. 359 sfaoWB an Ordiah suspension bridge with a 
series of straight chains forming a simple arrangement for 
small bridges. Fig. 360 shows a Bollman truss. In this 
arrangement the roadway is carried by direct chains to the two 
piers from several different points, preventing the wave motion 
of the single chain under a rolling load, but introducing great 
stresses upon change of temperature from the very unequal 
length of the chains. 
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EvEBT diBtribution of loading upon an arch gives a certain 
" curve ot thrust " or " linear arch " which is the theoretical 
centre line of the required arch ring. With a constant dis- 
tribution of loading tbere would be no di£Qculty in doing this, 
making the arch ring juBt thick enough to withstand the direct 
thruBt, but with travelling loads there would be a certain range 
in the shape of the curve which would necessitate a correspond- 
ing increase in the thickness of arch ring. In practice it is not 
convenient to shape the arch according to the theoretical outline, 
and frequently architectural considerations outweigh everything 
else, so that all the engineer can do is to provide sufQcient 
thickness in order that the working limit of stress shall not be 
exceeded. The curve of thrust for any loading ia the exact 
equivalent to a suspended chain with the same loading, but 
inverted. In finding the curve of thrust it is not necessary to 
work from the actual vousaoirs ; any arbitrary divisions may be 
taken, either radial or vertical. 

If we consider a single voussoir under ideal conditions, the 
forces acting upon it are three in number, they act through the 
centre of gravity, and are in equilibrium, as shown in Fig. 361. 
When the line of thrust cuts the centre of a joint the pressure ia 
equally distributed over the joint, but should it be out of the 
centre, but not outside the middle third, the pressure will be 
greater than the average on the side where the thrust is nearer 
to the edge, and lees than the average on the other side. If 
it passes through the edge of middle third, the pressure at the 
edge on the narrow side will be double the average, and the 
pressure at the opposite edge will be reduced to nothing. It 
is commonly supposed that if the line of thrust passes anywhere 
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through the middle third of every joint the Kreh will be sale, bat 
this 18 a false asenmption, as the actaal preseore may be beyood 
the Bafe limit of strese. All that can truly be said is that ia 
these circametanceB there will be do teQsioD. When the jointa 
aro cemented, or in the caae of a homogeneoos arch as of steel, 
or concrete, or reinforced concrete, a certain amonnt of tensian 
may be {lermiasible, tbeo the line of thrust may pass oatside 
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Fla. SOI.—Diagnui] of Forces acting on roiusoir. Ftqb, 363 to 36t.~— Dis- 
tribation of Streu oTer Joiat ncoanUu); to positioo of Reenltuit 

the middle third, the calculation of the stress at the outer edges 

being made by the formula -j- ± -77- There ia another theory, 

due to Professor Crofton, of the Royal Military Academy, 
Woolwich, by which the joint is not necessarily subject to tension, 
although the line of tlirust passes outside the middle third. 
Upon this theory part of the joint is subject to no stresB, and the 
maximum coiupresaion is increased. Tho three cases are shown 
in Figs. 362, 3153, and 864, with t!ie comparative values of the 
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stress produced by the aame load, the dotted parallelogram 
Bhowing the average pressure. 

There is one other condition to note with regard to the joiuts 
of an arch, and that is that the line of thrust must not make a 
greater angle with the joint than the limiting angle of resistance, 
which is the angle 9 in ij. = tan d, ^ being the coe£dcient of 
friction. If this angle is exceeded, slipping will take place. 

An example will now be taken ot a symmetrically-loaded arch 

(Fig. 865). Having drawn the elevation of the arch to any 

convenient scale, a vertical line may be set up at each end, and 

then on the left of the centre line a horizontal line may be 

drawn for the roadway at such height that the weight ot the 

filling material will be represented to the same scale as the 

weight of the arch ring, or, in other words, if the arch ring ot 

stone weighs 140 lbs. per cubic foot and the material above 

weighs 90 lbs. per cubic foot, the height of the roadway will be 

90 
lednced in the ratio of ---,:, In the same way another height will 

be set off above the roadway to represent the external load to the 
same scale. Then any area measured on the face will represent 
the actual load on that part of the arch as it it were all solid 
stone. Take first the left-hand side of the arch and load up to 
the centre line. Prick it through on to a piece of drawing-paper, 
cut it out, suspend from two points, and draw vertical lines by a 
set square to find the centre of gravity at the point ot inter- 
section. Find the area ot the outline by planimeter, and from 
this the weight. Say it equals 18,500 lbs. Draw a horizontal 
line from, say, the upper edge ot the middle third of the arch 
ring at the crown to meet the centre of gravity line, and from the 
point where it cuts set off the load IV. From the same point 
draw a line through the lower edge of middle third of arch ring 
at the skewback, and complete the parallelogram. Then scale 
off the horizontal and inclined sides, when the thrust at crown 
will be found to be 15,600 lbs. and the thrust at skewback 
20,500 lbs. These are called the primary thrusts. 

On the other half of the arch the arch ring and load may be 
divided up into any number of parts, equal or unequal, but 
preferably into parts of equal width by a series ot parallel lines. 
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The loads, being the weight of each diviBion, are then scaled o 
by taking the height through the centre ol each di\fi8ion, aa 
marked down on the vertical load line in Fig, 366. Thj 




horizoQtal thrust at crown ot arch is marked from the top of the 
load Hoe and the inclined line to close the figure should then be 
exactly equal to the inclined tbrost at akewback. The next step 
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the I 

the 1 



wilt be to draw vectors from the pointa on the load line to the 
top angle or pole of the diagram, and parallel with each of these 
draw the portions of the line of thrust on the arch across the 
respective divisions. If the two figures are marked witb 
corresponding numbers upon Bow's system of notation, the work 
will be simplified and the risk of error reduced. This mode of 
working will show that the line of thrust for the whole arch is 
really a funicular polygon, and will follow the same laws, one of 
which is that by altering the position of the ends or the vertical . 
scale we may modify the shape or course of the line without 
altering its character. 



according to the position taken (or the two points through which 
the primary thrusts pass. Each point may be taken anywhere 
within the range of the middle third of the depth, or even i 
slightly beyond ; but Nature chooses that line of thrust which ' 
will, on the whole, give the minimum stresses, and although we 
may endeavour to find it by trial we cannot always succeed. At | 
best we can only hope for an approximation to accuracy which J 
shall be sufficient for practical purposes. j 

Most architects, and perhaps some other people, are under the I 
impression that a semi-circular arch produces no thrust, as the 1 
skewbacks are horizontal, but this is incorrect. There will id all 
oases be a horizontal thrust at the skewback equal to the thrust 
at the crown, and this is indicated by the linear arch or curve of 
thrust meeting the springing line of the arch in an inclined J 
direction. 1 

Sometimes, particularly with semi -circular and elliptical , 
arches, the line of thrust will fall below the intrados of the arch 
at the haunches, indicating a considerable compression at the 
intrados aud tension at the extrados : so much so that some cases 
of failure that have been brought to the notice of the writer have j 
been traced to this cause. According to the conditions of loading 
there will be a certain minimuni thickness of arch ring necessary ' 
to keep the line of thrust within it, but it must be remembered 
that while the line of thrust is the theoretical form which the 
arch should take, practically it is only the instrument by which 
the distribation of stress in the actual arch is ascertained. 
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The line of tbmst can bo modified in shape by the diatributioD 
of the load, a concentrated load causing an upward bulge in the 
curve at the point of application of the load. It is this fact 
which creates a difficulty in the case of a travelling load, the 
bulge following the load in the same way that the crest of a wave 
travels across a sheet of water. The critical point in the Btresses 
occurs when a concentrated travelling load is over one of the 
Bannches. A traction-engine passing over an arched bridge 
perhaps gives rise to the greatest variation of stress. The 
transmission of the load from the surface of the ground to the 
extrados of the arch may be considered as spreading it in a cone 
shape at an angle of (JO deg. from the line of contact of the 
wheels. It is usual also to allow for a further live load of say 
1} cwts. per foot super, distributed over the whole surface. 
Fig. 867 shows an arch with structural load, external distributed 
'live load, and concentrated live load, or rolling load taken at the 
.worst point — i.e., over one of the haunches. Draw out the arch 
and loads, and divide up into sections. Mark the weight on the 
centre of gravity line of each part, and number the spaces. Then 
' draw the load line (Fig. 868), select a pole, draw vectors, and 
'parallel with these draw the funicular polygon E F O H; the 
'intersection H will give the position of the line through the 
mean centre of gravity of all the loads. From the pole draw Q-a 
parallel to E Q, giving the vertical reactions at the abutments 
1-a and 15-n. Next from the centre of the skewbacks draw a 
horizontal line A B cutting the centre line of the arch in J. 
From ./ set up J K equal to l-o, and J L equal to \6-a. Join 
A K and B L, and produce A K to meet B L at point ^1/, which 
should be on the centre of grarity line through //. Then, in 
Fig. 368, draw 1-16 parallel to A M and 15-16 parallel to B M to 
give point 16. Lines are now drawn from the remaining points 
on the load line to 16, and the curve of thrust A N B constructed 
parallel to these lines. This does not pass through the arch at 
ftll: but, nevertheless, it is a true thrust curve, and only wants 
raising into its position by magnifying all its vertical ordinates, 
pr bringing point 16 sufficiently near to the load line to increase 
the angle of all the vectors, so that the line of tlu-ust shall pass 
ihroogh the centre of arch ring at point S. To do this set off a 
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line a-P (Fig. 368) at an; angle, and make a-P equal to height 
from B on line A B io centre of arch ring S and join 16-P. On 
a-P Bet off a-Q equal to height from ^ to ^, and from Q drav 
a line Q r parallel with 16-P to meet a-16. Then T is the pole 
required, from which vectors may be drawn and the curro of 
thrust A S B constracted as before. This curve appears to lie 
fairly equal within the width of the arch ring, bat the true teat 
will be to work oat the mftTimnm stresses at the worst points, 
say 6 and 11. The thrnst woald be measared from Fig. 868 and 
the leverage tor bending moment, or distance from centre of 

arch ring from Fig. 867, asing the formula -j- ± -^ for the 

stresses incurred, which should not exceed the safe load on the 
material. 
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Stability op Retaikinq Walls — Details of Debiqk — SoB- 

CHABaED RETAlSINa WaLLS 

The stability of walls is a very important branch of structural 
mechanics. The forces to be resisted are usually the pressure of 
the wind or the pressure of earth or water. It has been already 
shown that the wind pressure varies with the height from the 
ground, the friction of the earth's surface and the projections 
upon it decreasing the effective pressure very considerably. Ad 
ordinary boundary wall is seldom subjected to a pressure exceed- 
ing about 20 lbs. to a square foot, and the safe thickneaa in 
such a case for Brickwork in mortar may he taken as one-ninth 
ot the height. The walls of dwelling-houses and warehouses may 
be proportioned by Rondelet's rule, upon which the London Build- 
ing Act was based. This rule ia r = .. - ^ where T = 

thickness of wall in feet, H = height in feet, L = unsupported 
length in feet, c ^ constant =: -^ tor warehouses and ^ for 
dwelling-houses. The usual footings will be required in all 
cases, viz., as many courses aa there are half bricks (4^ ins.) 
in the thickness of the wall, each course projecting '2J ins. on 
each side of the wall, and the width of the bottom course being 
twice the thickness ot the wail. The concrete below the footings 
will usually project 6 ins. beyond the footings on each side, and 
be not less than 9 ina. deep, but the projection may be equal to 
half the thickness of the wall with a depth equal to twice the 
projection. 

There are various theories of the pressure ot earth against 
retaining walls, but that of liankine is usually adopted, and so 
far his assumptions seem to be well founded, tor no failures bavd 
been traced to any inadequacy of the formula. He assumes that 
the earth is a granular mass, and that the line of rupture, or 
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plane of separation npon a sudden slippmg, li^ half-way betwen 
the angle of repose of the earth and a vertical line, the portica 
between the vertical and the line of raptore forming a vedgi 




Fia. 3G9.— Section ot Brick Eetaluiog Wall to support earth 



that tends to force the wall over by its weight and form. Con- 
siderable economy is produced by giving a batter to the face of 
the wall, by reason of the centre ot gravity being thrown farther 
back, and if the wall leaned back to the line of ruptore there 
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woQld be no pressure upon it, and it would not need to be more 
than a thin protective skin to the earth. 

Although it would be possible to frame a formula for the 
requisite thickness with a given allowance for batter and natural 
slope of earth, it is usual and more convenient to draw a probable 
section, ajid then find graphically or calculate its stability 
under the given conditions. Fig. 369 represents the section of 
a brick retaining wall, with a batter of IJ ins. per foot, for a rail- 
way cutting. Tite courses are always laid at right angles to the 
batter, and the joint of least stability will, therefore, be that at 
the level of the lowest set-ofT on the back of the wall. Draw an 
equalising line through the set-offs, and from the lowest point 
draw a horizontal line and set up the natural slope of the earth 
according to the knowledge of the soil, aay 5 = 45 deg. Then 
draw a short vertical line and bisect the space between this and 
the natural slope to obtain the line of rupture. It may be 
assumed that the line of rupture indicates the probable surface 
that would be left immediately upon the overturning of the wall, 
while the natural slope or angle of repose shows the surface it 
would weather down to in course of time. At one-third of the 
height of the wall, measuring from the joint of least stability, 
draw a line per2)eDdicular to the equalising line to give the 
position and direction of the line of thrust. From their inter- 
section set up a vertical hno equal on any conveniont scale to 
the weight of 1 ft. run of the whole wedge of earth between the 
line of rupture and the back of wall, and from the top set off an 
angle equal to the angle between the line of rupture and the 

vertical 1 = ^ — "^ — or 45 — ^/2l to cut the line of thrust, 

giving the length from the wall to point of cut-off for the 
measure of the thrust. This mode of working may be different 
from that in use by the reader, but the advantage of it is that it 
applies equally whether the back of the wall be inclined inward, 
or outward, or vertical. The centre of gravity of the wall must 
now be found by cutting out a section and suspending it from two 
points. Then the weight of 1-ft. run of the wall must be 
calculated, a vertical line drawn through the centre of gravity of 
the wall, and the weight of wall measured downwards from the 
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intereectioD with the line of thrust produced. A parallelogram 
is then drawn with the thrust tor one side, and the weight of wall 
for the adjacent side and the diagonal represents the resultant. 
The distance of the point where the resultant cuts the plane 
of least stability must be carefully measured from the centre of 
the joint. In this case it is 1*95 ft. and the vertical component 



Then by the formula -^ ± -^ = 
,303 ± 8,389 = + 4,692 Iba., or 



of the reanltant ia 6,865 lbs. 

S,866 5,665 X 1-95 _ . 

14-5x1 ^ J X 1 X 4-5» ~ 

2*09 tone per sq. It. compression and — 2,086 lbs., or 0*93 ton 

per sq. ft. tension, which m\] be quite safe, aUbough the 

resultant cuts well beyond the middle third of the base. 

A precisely similar method may be followed in ascertaining 

I the stability of walls under water pressure. As water has an 

' angle of repose or natural slope of degrees the line of rupture 

will be at 45 deg. from the horizontal, and the thrust may be 

calculated from the weight of the wedge of water above it. Or, 

alternatively, the water pressure at any height being w h, where 

w = weight in I lb. per cubic foot and h = height or depth 

from surface in feet, the total pressure will be J if h^ acting at 

one-third the height, against a vertical face, or J w h^ cosec 

when the back of the wall slopes at an angle ff from the 

horizontal. 

When a retaining wall supports a bank of earth higher than 
itself, it is said to be surcharged, and the thrust is greatly 
increased. Let Fig. 370 represent a surcharged wall of mass 
concrete weighing 120 Iba. per cubic ft., and supporting a bank 
of earth rising 10 ft. above top of wall at a slope of 2J to 1, the 
hacking having a natural slope of SO deg. The method of 
working will be as follows : Let A B CD be the section of wall, 
then from D C set-off D E making the angle C DE equal to the 
natural slope, and produce the slope of the surcharge to meet 
DE at E. Bisect D E in F and on D E describe a semi-circle 
EG D, and from C draw a line at 90 deg. with E D to cut the 
semi-circle in G. With radius E Q describe the arc G H 
cutting DE in H. Then the horizontal thrust at ^ the height 
of wall wiU be i w (D Ilf = J x 100 X (18-5)^ = 9,112 lbs.. 
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and the thrust parallel vith the slope of sarcharge will he 
found by diagram as shown = 9,800 lbs. The weight of wall 

= — ^^ X 20 X 120 = 12,600 the., and the two forces may 




be combined, giving a tesaltant which cats the base at 2-6 ft. 
from its centre. The thmst will not be affected by the height of 
the surcharge after the line ol rapture is reached, but should it 
not rise so far the actual thrust will be proportionately reduced 
from what is given by this method of working. Let p = intensity 
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oi pteaBore in lbs. per sq. ft, W = vertical component of 
resoltant, A = sectional area ol base, M = bending moment 
due to eccentricity of reBoltant, Z = section modolaa of base. 



' A^ Z~ 6-5 ^ i (1 X 6-fi«) " 

2,600 ± 6,000 = 8,600 lbs. or 8-6 tons per sq. ft. compression, 

and 3,600 lbs. or 1*56 tons per sq. ft tension, which would be 

the natnral condition of stress, and the concrete oaght to be 

capable of easily suBtaining this amoont of tension, bot if the 

concrete is assomed to have no strength in tension the eompres- 

sion on the ooter edge will be increased and the calculation 'ffill 

2 W 
become P=-o Ti where p and W are as before and d is distance 

ol resultant from edge of bate. Then p = i^ = %x q^^S-Ig 
= 16,667 lbs. = 7*44 tons per sq. ft compression at outer edge 
and nil at inner edge. 
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Annual Reports on the Progress ol Chemistry. 

Vol. m. (mod) . . . . 

Vol. IV. iigoTi ... 

Vol. V. 11Q08) 

 Vol. Vr. ligogi 

Argand, H. Imaginaiy Quantiliw. TranBlaled from the French by 

A- S. Hatdy. (Science Series Mo. 51.) i6mo, 

Armstrong, R., and IdcU, F. E. Chimneys for Purfuces and Steam Boilers. 



iSciei 



eSerii 



No. 1, 



Arnold, E. Armature Windings of Direcl-Cutrenl Dynamos. Trans, liy 

F. B. DeGress 

Ashe, S. W., and Keiley, J. D. Electric Railways. Theoretically and 

Practically Treated. Vol. I. Boiling Stock 

Ashe, S. W, Electric Railways. Vol. II. Engineering Preliminaries and 

Direct Current Sub-Stations. . ... 

Electricity: Eiperimen tally and Piaclically Applied 

Atkinson, A. A. Electrical and Hngnetic Calculations 

Atkinson, J. J. Friction of Air in Mines. (Science Series Bo. i4.)..i6mD, 
Atkinson, J. J., and WiUlams, Jr., B. H. Gases Het with ia Cool Hines. 

(Science Series Mo. 13.) , i6mo, 

Atkinson, P. The Elements of Electric Lighting. 

The Elements of Dynamic Electricity and Magnetism 

Power Transmitted by Electricity . . 

Auchindoss, W. S. Link and Valve Motions Simplified . . .8to, 

Aynon, H. The Electric Arc 

Bacon, F. W. Treatise on the Richards Sfeam-Engine Indicator . 
Bailes, G. H. Modern Mining Practice. Five Volumes . . . .8to, each, 

Bailey, R. D. The Brewers' Analyst. . 9vo, 

Baker, A. L. Quaternions ..8vo (In Pfeimnilitm.] 

Baker, Benj. Pressure of Earthwork. (Science Seriea No. 56.]...i6mOi 

BakET, I. O, Levelling. (Science Series Mo. 91.) . . .i6mo, 

Baker, M. N. Potable Water. (Science Series Ko. 61.) 1 

 Sewerage and Sewage Purification. (.Science Series Mo. i8.)..i6mo, 

Baker, T. T. Telegraphic Trans^nission of Photographs ... : 

Bale, G. R. Modern Iron Foundry Practice. Two Volumes, izmo. 

Vol. I. Foundry Equipment, Blaterials Used 

Vol. 11. Machine Moulding and Moulding Machines 

Bale, M. P. Pumps and Pumping. lamo, 

Boll, H. S. Popular Guide to the Heavens , . 8tro, 

Natural Sources of Power. (Westminster Series.). , 8vo, 

Ball, W. V. Law Affecting Engineers 8vo, 

Bankson, Lloyd, Slide Valve Diagrams. (Science Series No. 108.) . i6mD, 
Barba, J. Qse of Steel for Constructive Purposes i2mo. 

Barker, A. H. Graphic Methods of Engine Design. t tmo, 

Barker, A. Textiles and Their Manufacture. (Westminster Series. 1 8vo, 
Barnard, F. A, P. Report on Machinery and Processes of the Industrial 
Arts and Apparatus of the Exact Sciences at the Paris Dniversal 
Exposition, 1867 . 8»o, 

JSantrd, J. H. The Naval Militiaman': Guide i6mo, leather 

krd, Blajor J. G, Rotary Motion. 1 Science Series Ho. qo.^ . . . .i^roft. 
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O 50 
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Bomu, G. H. Boiler Tests . 8»o, *$ oo 

Engine Testa 8vo, *4 oo 

The above two purctused together *6 oo 

Barwise, S. The Purification of Sewage lamo, 3 50 

Baterden, J, R. Timber. (Westminster Seriea.) 8vo, *3 00 

Beadle, C. Chapters on Papermaking. Five Volumes ijmo, each, *i 00 

Beaumont, R. Color in Woven Design 8to, 7 50 

Finishing of Textile Fabrics 8vo, '4 00 

Beaumont, W. W. The Steam-Engine Indicator Svo, 3 50 

Bedell, F., and Pierce, C. A. Direct and Alternating Current Testing . 8vo, *i 00 

Beech, F. Dyeing of Cotton Fabrics. Svo, *3 00 

Dyeing o( Woolen Fabrics. 8vo, "3 50 

Beckwith, A. Pottery Svo, paper, 60 

Begtrup, J. The Slide Valve Svo, 'a oa 

Bender, C. E. Continuous Brieves. (Science Series Ro. 36.).. . . . i6mo, o 50 
Proportions of Piers used in Bridges. (Science Series Mo. 4.) 

i6mo, o 50 

Bennett, H. G. The Hanufacture of Leather Svo, *4 50 

Bemtbsen, A. A Text - book of Organic Chemistry. Trans, by G. 

M'Gowan iimo, *2 50 

Berry, W. J. DiSerential Equations of the First Species, iimo (/n Preparation.) 
Bersch, J. Manufacture of Mineral and Lake Pigments. Trans, by A. C. 

Wright Svo, *$ ao 

Bertin, L. E. Marine Boilers. Trans, by L. S. Robertson .Svo, 5 00 

Beveridge, J. Papermaker's Pocket Book iimo, ''4 00 

Binna, C. F. Ceramic Technology Svo, *5 00 

Manual of Practical Potting . . .8*0, "I 50 

— The Potter's Craft ramo, 'a 00 

Birchmore, W. H. How to Use a Gas Analysis lamo, *i 15 

Blaine, R. G. The Calculus and Its Applications , rzmo, *i 50 

Blake, W. H. Brewers' Vade Mecum Svo, '4 00 

Blake, W. P. Report upon the Precious Hetals Svo, t 00 

Bligh, W. G. The Practical Design ol Irrigation Works Svo, t 00 

Blylh, A. W. Foods: Their Composition and Analy^E -. . . Svo, 7 50 

Poisons: Their Effects and Detection .870, 7 50 

Bockmann, F. Celluloid iimo, *l 50 

Bodmer, G. R. Hydraulic Motors and Turbines lamo, 5 00 

Boileau, J. T. Traverse Tables Svo, 5 00 

Bonney, G. E. The Electro- platers' Handbook lamo, i 20 

Booth, W. H. Water Softening and Treatment Svo, *i 50 

Superheaters and Superheating and Their Control Svo, ■*! s" 

Bottcher, A. Cranes: Their Construction, Mechanical Equipment and 

Working. Trans, by A. Tolhausen 4tO, *io 00 

Bottler, H. Modern Bleaching Agents. Trans, by C. Salter lamo, *i 50 

Boltonc, S. R. Magnetos for Aulomobilisls. iimo, *i 00 

Bouhon, S. B, Preservation of Timber. (Science Series No, Ba.) , i6mo, o so 

Bourgougnon, A. Physical Problems. (Science Series No. ii3.)..i6mo, SO 
Bourry, B. Treatise on Ceramic Industries. Trans, by W. P. RU. . .8vo, 

i.InPn'>..) 

Bow, R. H. A Treatise on Bracing Svo, I 50 

Bowie, A. ]., Jr. A Practical Tre&i.iM on H'j4i%utic Mining in, 5 oo 
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■ATAI 


Hi 5 


Bowkcr. W. R. Dynamo. Motor und Swilchhoaxd Circuits 


, 8vo 


•1 50 


Bowles, 0. Tables of Common Rocks. (Science Series Mo. i ag, 


i6mo 


© so 


Bowser, E, A. Elementary Treatise on Analytic Geometry 


umo 


I 75 


Elementary Treatise on the Differential and Integral Calcul 


s, I imo 


1 15 


Elementary Treatise oa Analytic Mechanics 


iimo 


3 00 


ElemeDlaty Treatise on Hydro- mechanics 


iimo 


I 50 


A Treatise on Roofs and Bridges 


iimo 


•i »5 


Boycott, G. W. M. Compressed Air Work and Diving. 


8vo 




Bragg, E. M. Marine Engine Design. 


Iimo 


'1 00 


Brainard, F. R. The Sextant. (Science Series Ho. loi.) 


i6rao 




Brassey's Raval Annual for 1910 


Svo 


*6 00 


Brew, W. Three-Phase Transmission 


8vo 


*i 00 


Brewer, B. W, A. The Motor Car 


Timo 


-1 00 


Briggs, R.. and Wolff, A. R. Steam- Heating. ..Science Series Ho 




67.). 


i6mo 


50 


Bright, C. The Life Story of Sir Charles Tilson Bright 


8vo 


*4 50 


British Standard Sections 


8x, 










Brotighlon. H. H. Electric Cranes end Hoists { / 


Pff^tx. 




Brown,G. Healthy Foundations. (Science Series No. 80.).. , 


i6njo 


SO 


Brown, H. Irrigation 


8vo 


'5 00 


Brown, Wm. N. The Art of Enamelling on Metal 


Iimo 


*i 00 




Iimo 


•i so 


 House Decorating and Painting 


timo 


*i 50 


History of Decorative Art 


Iimo 


•i J5 


~ Dipping, Burnishing, Lacquering and Bronzing Brass Ware 


Iimo 




Workshop Wrinkles 


8vo 


*i 00 


Browne, R. E. Water Meters. (Science Series No. Si.) 


i6mo 


SO 


Bruce, E.M. Pure Food Tests 


iiroo 


•1 15 


Bruhns, Dr. New Manual of Logarithms 8vo, half n 


lorocco 


2 50 


Brunner, R. Manufacture of Lubricants, Shoe Polishes and 


Ualhe 




Dressings. Trans, by C. Sailer 


8vo 


•3 00 


Buel, R. H. Safely VaJves. (Science Series Ho. 11.) 


i6mo 


50 


Bulman, H. F., and Redraayne, R. S. A. ColUery Working and Manage- 




ment . . . 


8vo 


6 00 


Burgh, N. P. Modern Marine Engineering . 4(0, half 11 


norocco 


10 00 


Burt, W. A. Key to the Solar Compass i6rao 


leather 


» 50 


Burton. F. G. Engineeritig Estimates and Cost Accounts 


Iimo 


•i 50 


Boskett. E. W. Fire Assaying. 


umo 


•1 as 


Cain, W. Brief Course in the Calculus 


i7mo 


•1 75 


Elastic Arches. (Science Series No. 48.1... 


i6mo 


50 


— Maximum Stresses. iScience Series No. j8.) 


i6mo 


so 




.).6mo 


so 


Theory of Steet-concrete Arches and of Vaulted Structures. 


Scienc 




Series No. 41.1 


i6nio 


so 


Theory it Voussoir Arches. IScience Series Bo. ti.i 


t6mo 


50 


Symbolic Algebra. (Science Series Ho. 73.1 


i6mo 


so 


Campin, P. The Construction of Iron Roofs 


8vo 




1 Carpenter. F. D. Geographical Surveying. (Science Series No. 37 


.i6mo 
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Carter, E. T. Motive Power and Gearing for Electrical Machinery . Svc, *; 

Carter, R. A. Ramie (Rhea), China Grass . . timo, *a 

Carter, H. R. Hodera Flai, Hemp, and Jute Spinning 8vo, *j 

Cathcart, W. L, Machine Design. Part I. Fastenings 8vo, '3 

Cathcart, W. L., and Chaffee, J. I. Etemenlsof Graphic Statics .Svo, *3 

Caven, R. H., and Lander, G. D. Systematic Inorganic Chemistry, izmo, *] 

Chambers' Mathematical Tables Svo, i 

Chamock, G. F. Workshop Practice. (Westminster Series.) . . Svo {In I'n 

Charpentier, P. Timber. Svo, +6 

Cbatley, H. Principles and Designs of Aeroplanes. (Science Series.) 

Ho. 116.) i6mo, 

 How to Ute Water Power izmo, *i 

Child, C. T. The How and Why of Electricity iimo, i 

Christie, W. W. Boiler-waters, Scale, Corrosion, Foaming . , . Svo, '3 

Chimney Design and Theory Svo, *3 

Furnace Draft. (Science Series Ho. 123.) i5mo, o 

Church's Laboratory Guide. Rewritten by Edward Eincb Svo, *i 

Clapperton, G. Practical Papermaking ... Svo, 1 

Clark, C. H. Marine Gas Engines (In Fress.) 

Clark, D. K. Rules, Tables and Data for Mechanical Engineers Svo, 5 

Fuel: Its Combustion and Economy iimo, 1 

The Mechanical Engineer's Pocketbook. i6mo, i 

Tramways: Their Construction and Working Svo, 7 

Clark, J. M. >ew System of Laying Out Railway Turnouts iimo, i 

Clausen- Thue, W. ABC Telegraphic Code. Fourth Edition iimo, *5 

Fifth Edition Svo, *7 

The A 1 Telegraphic Code Svo, *j 

Cleemann, T. M. The Railroad Engineer's Practice lamo, 'i 

Clerk, D., and Idell, F. E. Theory of the Gas Engine. (Science Series 

Ho. 61.) i6mo, o 

Clevenger, S. R. Treatise on the Method of Government Surveying. 



Clouth, F. Rubber, Gutta-Percha, and Balata Svo, *$ c 

Coffin, J. H. C. navigation and Nautical Astronomy i jmo, '3 j 

Colburn, Z., and Thurston, R. H. Steam Boiler Eipiosions. (Science 

Series No. z.) i6mo, o ; 

Cole, R. S. Treatise on Photographic Optics umo, i ; 

Coles-Finch, W. Water, Its Origin and Use Svo, '5 e 

Collins, J. E. Useful Alloys and Memoranda for Goldsmiths, Jewelers. 

Constantine, E. Marine Engineers, Their Qualilications and Duties.. Svo, *2 e 

Coombs, H. A. Gear Teeth. (Science Series No. 120.) i6mo, 05 

Cooper, W. H. Primary Batteries Svo, "40 

- " The Electrician " Primers Svo, *s 

Copper t h wa ite, W. C. Tunnel Shields 4fOi *9 

Corey, H. T. Water Supply Engineering Svo (/n /V™.-,-.) 

Corfield, W. H. Dwelling Houses. jScience Series Ho. 50.) i6mo, o 5 

Water and Water-Supply. (Science Series Ko. 17.) i6mo, o 5 

Cornwall, H. B. Manual of Blow-pipe Analysis Svo, *i 5 

Courtney, C. F. Masonry Dams Svo, 3 s 

Cowell, W, B. Pure Air, Ozone, and Water lamo, *a a 
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Ciajg, T. Hotioii of a Solid in a FueL (Science Series No. 49.) .... \6mo, 50 

Wave and Vorlei Motion. (Science Series No. 43.) , . i6ino, o 50 

Cramp, W. , Continuous Current Machine Qesiga 8vo, *i 50 

Crocker, F. B. Electric Lighting. Two Volumes. 8to. 

Vol. 1. The Generating Plant 3 00 

VoL U. Distributing Systems and Lamps. 3 00 

Crocker, F. B., and Arendt, H. Electric Motors. 8vo, *3 50 

Crocker, F. B., and Wheeler, S. 5. The Management of Electrical Ma- 
Cross, C. F., Bevan, E. J., and SicdaU, R. W. Wood Pulp and Its Applica- 
tions. ^Westminster Series.). 8vo {In Press.) 

CroBskey, L. R. Elementary Perspective 8vo, i DO 

Crosske;, L. R., and Tbaw, J. Advanced Perspective 8vo, i 50 

Culley, J. L. Theory of Arches. (Science Series No. 87.) i6mo, o 50 



Davenport, C. The Book. (Westminster Series.) 8?o, *i oo 

Dsvies, E. B. Machinery for Metalliferous Mines Svo, 8 00 

Davies, D. C. Metalliferous Minerals and Mining. Svo, 5 00 

 Earthy Minerals and Mining. Svo, 5 00 

Dftvies, F. H. Electric Power and Traction. ...,,, .... Svo, 'a 00 

Dawson, P. Electric Traction on Railways . ... Svo, *g 00 

Day, C. The Indicator and Its Diagrams. umo, *i 00 

Deen, H. Sugar and the Sugar Cane Svo, '3 00 

Dcile, C. Manual of Soapmaking. Trans, by S. T, King 410, *5 00 

De la Coui, H. The Industrial Uses of Water. Trans, by A. Morris. .8vo, *4 50 

Del Mar, W, A. Electric Power Conductors Svo, *2 00 

Denny, G. A. Deep-level Mines of the Rand 4(0, *io oo 

Diamond Drilling for Gold '5 00 

De Roos, J. D. C. Linkages. (Science Series Wo. 47.") i6mo, o 50 

De Varona, A. Sewer Gases. (Science Series Ho. 55.), .... ..... i6mo, a 50 

Derr, W. L. Block Signal Operation .. Oblong iirao, 'i 50 

Dcsaint, A. Three Hundred Shades and How to Mix Them Svo, * 

Dibdin, W. J. Public Lighting by Gas and Electricity Svo, 

PuriGcation of Sewage and Water . Svo, 

Dieterich, E. Analysis of Resins, Balsams, and Gum Resins .8vo, 

DingN, Lieut. R. C. Care and Operation of Naval Machinery. .... nmo, 
Diion, D. B. Machinist's and Steam Engineer's Practical Calculator. 

t6mo, morocco, 
Doble, W. A. Power Plant Construction on the Pacific Coast (/n t'rcgs.) 
Dodd, G. Dictionary of Manufactures, Mining, Machinery, and the 

Industrial Arts , , ...... iimo, t 50 

Dorr, B. F. The Surveyor's Guide and Pocket Table-book. 

i6mo, morocco, 3 00 

Down, P. B. Handy Copper Wire Table i6mo, *i 00 

Draper, C. H. Elementary Teit-book of Light, Beat and Sound. . . ismo, 1 00 

Heat aod the Principles of Thermo- dynamics 

DuckwaJI, E. W. Canning and Preserving of Food Products Svo, 

Damesny, P., and Noyer, J. Wood Products, Distillates, and Extracts. 
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Dyson, S. S. Praclical Testing ol Raw Materials 


8vo, 


•s 00 


Eccles, R. G.. and DuikwaU, E. W. Food Preservatives 


8yo, 


1 00 


Paper 




50 


Eddy. H. T. Researches in Graphical Statics 


Svo, 


I 50 


Haiimum Stresses under Concentrated Loads. . 


Svo, 


1 50 


Edgcumbe. K. Industrial Elecnical Measuring Instruments . 8to, 


'3 50 


Eissler. M. The Metallurgy of Gold 


. 8to. 


7 SO 


The Hydrometallurgy of Copper 


8vo, 


•♦ 50 


The Metallurgy of Silver 


8vo, 


4 00 


The Metallurgy ol Argentiferous Lead 


Svo, 


5 w 


Cyanide Process for (he Extraction of Gold 


Svo, 


3 00 


- — A Handbook on Modern Eiplosives 


Svo. 


5 00 


Ekin, T. C. Water Pipe and Sewage Discharge Diagram 


folio. 


•3 00 




of Qualitative 




Chemical Analysis 


iimo, 


•t 15 


Elliot, Major G. H. European Light-bouse Svsteras 


Svo, 


5 00 


Ennis. Wm. D. Linseed Oil and Other Seed Oils 


Svo, 




Applied Thertnodynamics 


Svo 


U SO 


Erfurt, J. Dyeing of Paper Pulp. Trans, by J. Hubner 


8vo, 


•7 SO 


Erskine-Murray, J. A Handbook of Wireless Telegraphy 


. . Svo, 


•3 SO 


Evans, C. A. Macadamized Roads 


i/n Prc^.) 




Ewing, A. J. Magnetic Induction in Iron , 


Svo, 


'4 00 


Fftirie, J. Notes on Lead Ores 


lamo. 


•1 00 


Botes on Pottery Clays. , 


rirao, 


•t so 


Faiiley, W., and Andre, Geo. J. Ventilation of Coal Mines. (Science 




Series Ko. 58.1,.. 


i6mo, 


50 


Fail-weather, W. C, Foreign and Colonial Potent Laws 


Svo, 


•3 00 


Fanning. J. T. Hydraulic and Water-supply Engineering 


. Svo, 


•5 00 


Fauth, P. The Moon in Modern Astronomy. Tians. 


bj J. HcCabe. 






Svo, 


*3 00 


Fay, I. W. The Coal-tar Colors 


Svo (/n PrcuK.) 




Fernbach, R. L. Glue and Gelatine 


8vo, 


•3 00 






1 Stanford .... 


iimo, 


•i as 


1 Fish, J. C. L. Lettering of Working Drawings .... 


Oblong Svo, 




1 Fisher. H. K. C, and Darby. W. C. Submarine Cable Tes 


iDg . Svo. 


*3 50 


I Fiske, Lieut. B. A. Electricity in Theory anil Practice. 


8vo, 


1 50 


i Fletschmann, W. The Book of the Dairy. Trans, by C. M 


Aikman. Svo, 


4 00 


} Fleming, J. A. The Alternate-current Transformer, Two 


Volumes. Svo, 




Vol. 1. The Induction of Electric Cturents 




•S 00 


Vol n. The Utilization of Induced Currents . . 




•5 00 


' Centenary of the Electrical Current . . 


Svo, 


•0 50 


1 Electric Lamps and Electric Lighting 


Svo, 


•3 00 


[ Electrical Laboratory Notes and Forms , 


4I0, 


•5 00 


1 A Handbook for the Electrical Laboratory and Testing Room. Two 




Volumes 


Svo, each. 


*S 00 


f finery, H. The Calculus Without Limits or Inflnitesimals. Tratis. bjr 




^^K C. 0- Mailloui , . 


{In Prui.) 
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FljnnjP.J. FlowofWaler. (Science Series No. 84.) , i6mo, 

B;draulic Tables. (Science Series Ho. 66.) i6nio, o 50 

Foley, N. British and American Customar)' and Metric Measures, .folio, *3 00 
Foster, B. A. Electrical Engioeers' Pockel-book. (Sij'th Eililiim.) 

iimo, leather, 5 00 

Foster, Gen. J. G. Submarine Blasting in Boston (Uass.) Harbor.. 4(0, 3 50 

Fotrle, F. F. Overhead Transmission Line Crossings. lamo, *r 50 

The Solution of AlicrnBticg Current Problems ,8vo (/n Ptcu.) 

Foi, W. G. Transition Curves. iScience Series Ko. no.).. i6mo, o 50 
Foi, W., and Thomas, C. W. Practical Course in Mechanical Draw- 
ing . iimo, I 15 
Foye, J. C. Chemical Problems. (Science Series Ifo. 6q.)... i6mo, o 50 

Handbook of Mineralogy. (Science Series No. 86.) 16010, o 50 

Francis, J. B. Lowell Hydraulic Experiments 4to, 15 00 

Frye, A. I. Civil Engineers' Pocket-book . , ... , (/n Prfsn.) 

Fuller, G. W. Investigations into the Purification of the Ohio Kiver.4to, *io oo 

Furaell, J. Paints, Colors, Oils, and Varnishes . . . ... .8vo, *i 00 

Ganl, L. W. Elements o( Electric Traction . Svo, *i y> 

Garcke, E., and Fells. J. H. Factory Accounts. . . , .8vo, 3 00 

Garforth, W. E. Rules for Recovering Coal Mines aftet Explosions and 

Fires ..... xirao, leather, i 50 

Gaudard, J. Foundations. (Science Series Ho. 34.). . ... i6mo, o so 
Gear, H. B., and Williams, P. F. Electric Central Station Distributing 

Systems.. ivo (In PrcpaTiilum.) 

Geerligs, U. C. P. Cane Sugar and Its Manufacture 8vo, *$ 00 

Geikie, J. Structural and Field Geology 8»o, •400 

Gerber.n. Analysisof Hilk.CondensedHilk.andlnfsiits'Hilk-Food. 8vo, 1 15 
Gerhard, W, P. Sanitation, Watersupply and Sewage Disposal of Country 

Gas Lighting. (Science Series No. in.) . . , i6mo, o 50 

Household Wastes. ( Science Series No. 97, ) i6mo, o 50 

Hotise Drainage. (Science Series No. 63.) , i6mo, o 50 

Sanitary Drainage of Buildings. (Science Series No. 93.) .... i6fflo, o 50 

Gerhardi, C. W. H. Electricity Meters 8vo, '4 00 

Geschwind, L. Manufacture of Alum and Sulphates. Tians. by C. 

Salter ... 8vo, *5 00 

Gibbs, W. E. Lighting by Acetylene umo. *i 50 

Physics of Solids and Fluids. (Carnegie Technical School's Text- 
books.) ..... *i so 

Gibson, A. U. Hydraulics end Its Application t8to, *s 00 

Water Hammer in Hydraulic I^pe Lines .lamo, *2 00 

Gilbreth, F. B. Motion Study. lamo, 'a 00 

Gillmore, Gen. Q. A. Limes, Hydraulic Cementsand Mortars. ...... Svo, 4 00 

— Roads, Streets, and Pavements. lamo, a oo 

Golding, H. A. The Thela-Phi Diagram timo, "t 35 

Goldschmidt, R. Alternating Current Commutator Motor Svo, '3 00 

Coodchild, W, Precious Stones. (Westminster Series. 1 . , Svo, *i 00 

Coodeve, T. M. Te»tbook on the Steam-engine umo, 2 00 

Electrolytic Separation of Hetals. ... Svo, 'j 50 

Arithmetic of the Sleam-enRine .viwv<i, -v •» 
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Gould, E. S. Calculus. (Science Seriee No. iii.) i6iuo, o 

High Hasonr; Dams. (Science Series Mo. it.) , i6mo, o 

Practical Hydrostatics and Hydrostatic Formulas. (Science Series 

No. 117.) 161110, 

Grant, J. Brewing and Distilling. (Westminster Seriea.) 8vo {In Preaa.) 

Gray, J. Electrical Influence Machines umo, 

Greenwood, E. Classified Guide to Technical and Commercial Books. 8to, 

Gregorius, R. Mineral Waxes. Trans, by C. Salter. 

Griffiths, A. B. A Treatise on Manures. tamo, 3 oo 

— — Dental Metallurgy. 870, *3 50 

Gross, E. Hops 8to, *4 50 

Grossman, J. Ammonia and Its Compounds 1 

Grolh, L. A. ' Welding and Cutting Metals by Gases or Electricity. . . 

Grover, F. Modern Gas and Oil Engines Svo, 

Gruner, A. Power-loom Weaving 

GUldner, Hugo. Internal Combustion Engines. Trans, by H. Diederichs. 

Gnnther, C. O. Integration 1 

Gulden, R. L. Traverse Tables . .folio, half morocco, 

Guy, A. E. Experiments on the Flexure of Beams. Svo, 

Haeder, H. Handbook on the Steam-engine. Trans, by H. 1 

Hainbacb, R. Pottery Decoration. Trans, by C. Slater 1 

Hale, W. J. Calculations of General Chemistry ,1 

Hall, C. H. Chemistry of Paints and Paint Vehicles 1 

Hatl, R. H. Governors and Governing Mechanism 1 

Hall, W. S. Elements of the Differential and Integral Calculus 

 Descriptive Geometry Svo volume and a 4to atlas, 

Haller, G. F., and Cunningham, E. T, The Tesia Coil 1 

Halsey, F. A. Slide Valve Gears. 1 

- — The Use of the Slide Rule. (Science Series Ho. 1 14.) i6mo, 

Worm and Spiral Gearing. (Science Series No. 116.) i6mo, 

Hamilton, W. G. Useful Information for Railway Men i6mo, 

Hammer, W. J. Radium and Other Radio-active Substances Svo, 

Hancock, H. Textbook of Mechanics and Hydrostatics 

Hardy, H. Elementary Principles of Graphic Statics. .. .. i 

Harper, W. B. Uliliialion of Wood Waste by Distillation 

Harrison, W. B. The Mechanics' Tool-book 1 

Hart, J. W. External Plumbing Work Svo, 

- - Hints to Plumbers on Joint Wiping ,8vo, 

Principles of Hot Water Supply ,8vo, 

- Sanitary Plumbing and Drainage 

Haskins, C. H. The Galvanometer and Its Uses i6mo, 

Hatt, J. A. H. The Colorist square 1 

Hausbrand, E. Drying by Means of Air and Steam. Trans, by A. C. 

Wright .: 

— — Evaporating, Condensing and Cooling Apparatus. Trans, by A. C. 

Wright 

Haasnet, A. Manufacture of Preserved Foods and Sweetmeats. Trans. 
by A. Morris and H. Robson 
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Hawke, W. H. Premier Cipher Telegraphic Code . . - . 4to, 


*5 00 


loa.ooo Words Supplement lo the Premier Code . . 4tD, 


*S 00 


Hawkesworth, J. Graphical Handbook for Reinforced Concrete Design. 




410. 


•i SO 


Haj, A. AJternating Currents . Svo, 


*iso : 


Principles of Alternale-currenl Working . iimo, 




Electrical Distributing networks and Distiibutiog Lines 8vo, 


*3 50 


— Continuous Current Engineering SvO, 


•i 50 


Heap, Major D. P. Electrical Appliances Svo, 




Heaviside, 0. Electromagnetic Theory. Two Volumes. . Svo, each, 


*5 00 


Heck, R. C. H. Steafu- Engine and Other Steam Motors. Two Volumes. 




Vol. I. Thermodynamics and the Mechanics ... 8vo, 


•3 SO 


Vol. n. Form, Construction, and Working , . , Svo, 


•5 00 


— Abridged ediHon of above volumes (Elementaty;. . 8vo (/-. /'/■.yw 


r„l,..n.) 


- — - Moles on Elementary Kinematics , . . 8vo, boards, 


•1 00 


— — Graphics of Machine Forces , Svo, boards, 




Hedges, K. Modern Lightning Conductor? Bvo, 


3 00 

♦) so 


Heetmann, P. Dyers' Materials. Trans, by A. C. Wright iimo. 


HeUot, Macquer and D'Apligny. Art of Dyeing Wool, Silk and Cotton. 




Svo, 


*i 00 


Henrici, 0. Skeleton Structures . Svo, 


1 so 


Hermann, F. Painting on Glass and Porcelain * Svo, 


•3 50 


Herrmann, G. The Graphical Statics of Uechaaism. Trans, by A. P. 




Smith . limo. 


3 00 


Herzfeld, J. Testing of Yarns and Textile Fabrics Svo, 


*3 so 


HUdebrandt, A. Airships, Past and Present Svo, 


•3 so 


Hildenbrand, B. W. Cable-Making. (Scteuce Series Ho. 31-)--. i^no, 


SO 


Hill, J. W. The Purification of Public Water Supplies. Hew Edition. (I„ 


rn-»».) 


Interpretation of Water Analysis . . (/" ^Vm.) 




Hiroi, I. Plate Girder Construction. (Science Series Ho. 95.) i6mo. 


SO 


Statically- In determinate Stresses iimo, 


•a 00 


Hirshfeld, C. F. Engineering Thermodynamics. (Science Series Ho. 45. ) 




1 6 mo. 


50 


Hobart, H. M. Heavy Electrical Engineering . Svo, 


'a so 


— Eleiitricity Svo, 


*i 00 


Electric Trains Svo. 


•a 50 




50 


Eoff, J. n. Paint and Varnish Facts and Formulas. iimo. 


'i 50 


Bofl. Com. W. B, The Avoidance of Collisions at Sea t6mo, morocco. 


75 


Hole, W. The Distribution of Gas ." Svo, 


"7 50 


Holley. A. L. Railway Practice folio. 




Holmes, A. B. The Electric Light Popularly Explained .... nmo, paper. 


so 


Hopkins, n. M. Experimental Electtocb cm istry Svo, 


'3 00 


Model Engines and Small Boats . . umo. 


I 15 


Hopklnson, J. Shoolbred, J. N., and Day, R. E. Dynamic Electricity. 




(Science Series No. 71. t i6mo, 




Horner, J. Engineers' Turning Bvo, 


•3 50 
I 50 


Metal Turning , . . . , tamo. 


Toothed Gearing umo. 


1 IS 


Bmichion, C. E. The Elements of Mechanics of Haletiali lamo, 


*a 00 


^^kllevique, L. The Evolution of the Sciences 8to, 


•a 00 ' 


^^^k - DiaitizeAta^n 


■■^ 
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Howe, G. KathenutiCB for the Practical Han lamo, *i 

Howorth, J. Repairing and Riveting Glau, China and Earthenware, 

8to, paper, *o 

HublMTd, E. The Utilization of Wood-waBte im, 'i 

Humber, W. Calculation of Strains in Girders tamo, a 

Humphicys, A. C. The Business Features of Engineering Practice. . Bto, *t 

HuTBl.G.H. Handbook of the Theory of Colot , Sto, *i 

Dictionary of Chemicals and Raw Producti .8to, *3 

Lubricating Oils, Fats and Greases 870, '3 

Soaps 8vo, "s 

Textile Soaps and Oils 8vo, *3 

Hurst, H. E., and Lattey, R. T. Teit-book of Physics Svo, *3 

Hutchinson R. W., Jr. Long Distance Electric Power Transmission iimo, *3 
Hutchiason, R. W., Jr., and Ihlseng, H. C. Electricity in Mining i2mo, 

Hutchinson, W. B. Patents and How to Hake Honsy Out of Them. 

Hutton, W, S, Steam-boiler Conslruclion ... 8vo, 6 

Practical Engineer's Handbook 8to, 7 

The Works' Manager's Handbook . ,8to, 6 

Hyde, E. W. Skew Arches, i Science Series No. 15.1 iGmo, o 

Induction Coils. (Science Series No. 53.1 i6mo, o 

Ingle, H. Manual of Agricultural Chemistry 870, *3 

Innes, C.H. Problems in Machine Design iimo, *2 

- - Air Compressors and Blowing Engines. izmo, *2 

- Centrifugal Pumps . , i2mo, *i 

The Fan lamo, *2 

Isberwood, B. F. Engineeiiiig Precedents for Steam Machinery . Svo, 2 

Ivatts, E. B. Railway HanagemcnC at Stations Svo, '3 

Jacob, A., and Gould, E. S. On the Designing and Construction of 

Storage Reservoirs. (Science Series Ho. 6. 1 . . . ... i6mo, o 

Jamiesoa, A. Text Book on Steam and Steam Engines . . Svo, 3 

Elementary Manual on Steoni and the Steam Engine. i2mo, i 

Jannettai, E. Guide to the Determination of Rocks. Trans, by G. W. 

Plymplon . limo, i 

Jehl, F, Manufacture of Carbons ... . . Svo, *4 
Jennings, A. S. Commercial Paints and Painting. (Westminster Series.) 
8vo l/„ /•„...-,..] 

Jennison, F. H. The Manufacture of Lake Pigments . . .8vo, *3 

Jepson, G. Cams and the Principles of their Conslruclion .Svo, *i 

— - Mechanical Drawing Svo tin I'l- /iiinitii:ii.j 
Jockin, W. Arithmetic of the Gold and SilversTiilh. i2mo, *i 
Johnson, G.L. Photographic Optics and Color Photography . Svo, *i 
Johnson, W. H. The Cultivation and Pr,:p.iratio;i of Para Rubber. . Svo. '3 
Johnson, W. McA. The Metallurgy of Nicii:! [h, rr.p.smli:,..) 
Johnston, J, F. W,, and Cameron, C. Elomenis of Agricultural Chemistry 

and Geology ... i2mo, 2 

Joly, J. Raidoactivity and Geology umo, *3 

Jones, H. C. Electrical Nature of Matter and Radioactivity iimo, '2 
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Jones, H. W. Tesling Raw Halerials Used in Paint umo, *a oo ) 

Jones, L., and Scard, F. I. Manufacture of Cane Sugar Svo, *S oo j 

Joy, G. A., and Thiess, J. B. ToU Telephone Practice i In Prtvf.) 1 

JojnsoQ, F. H. Designing and Construction of Hachine Gearing Svo, i oo ! 

JQptner, H. F. V. Siderology: The Science of Iron 8vo, 's oo 

Kansas Cily Bridge ._ 4to, 6 oo ]j 

Kapp, G. Atlemate Curreot Machinery. (Science Series Ho. q6.> i6nio, o so 1 
-~ Dynamos, Motors, Alternators and Rotary Converters. Trans, by 

H. H. Simmons Svo, 4 00 

Electric Transmission of Energy . . tamo, 3 50 

Keim, A. W. Prevention of Dampness in Building; Svo, *2 00 
Keller, S. S. Mathematics for Engineering Students, iimo, half leather. 

Algebra and Trigonometry, with a Chapter on Vectors. *i 75 

Special Algebra Edition , *i 00 

Plane and Solid Geometry *i as 

Analytical Geometry and Calculus . *i 00 

Kelsey, W. R. Continuous-current Dynamos and Motors .... . Svo, *i 50 
Kemble, W. T., and Underhill, C. R. The Periodic Uw and the Hydrogen 

Spectrum ... Svo, paper, *o 50 

Kemp, J. F. Handbook of Rocks ..... ... Svo, 'i 50 

Kendall, E. Twelve Figure Cipher Code , . . 4to, *I5 oo > 

Kennedy, A. B. W., and Thurston, R. H. Kinematics of Machinery. j 

(Science Series No. 54,) ... , ... ,i6mo, a so ; 

Kennedy, A, B. W., Unwin, W, C, and IdeU, F. E. Compressed Air. j 

iScience Series Bo. 106.) ,,.,..,..., . i6mo, o 5a ' 

Kennedy, R. Modern Engines and Power Generators. SixVolumea. 4to, 15 00 ^ 

Single Volumes . ... each, 3 00 

— — Electrical Installations. Five Volumes 4to, 15 00 

Single Volumes .... each, 3 50 

Flying Machines; Praclice and Design i2mo, *i 00 

Kennelly, A. E. Electro-dynamic Idachinery Svo, 1 50 

Kent, W- Strength of Materials. (Science Series Ko. 41.) ....... i6mo, o 50 

Kershaw, J. B. C. Fuel, Water and Gas Analysis Svo. •» 50 

— — Electrometallurgy. (Westminster Series.). , , Svo, *i 00 

Kershaw, J. B. C. The Electric Furnace in Iron and Steel Production. 

lamo, *! so 

Kingdon, J. A. Applied Magnetism. Svo, "3 00 

Kinibrunner, C. Alfernale Current Windings Svo, *i 50 

Continuous Current Armatures .... ........... Svo, *i 50 

Testing of Alternating Current Machines , , . Svo, "i 00 

Kiikaldy, W. G. David Kirkaldy's System of Mechanical Testing. . 4to, to 00 

Kirkbride, J. Engraving (or Illustration ... . Svo, *i 50 

j. Kirkwood, J. P. Filtration of River Waters . . .4I0, 7 so ', 

[ Klein, J. F. Design of a High-speed Steam-engine . Svo, '5 00 ' 

L  Physical Significance of Entropy Svo, *! 50 

Kleinhans, F. B. Boiler Construction Svo, 3 00 I 

Knight, Lieul.-Com. A. M. Modern Seamanship Svo, '6 00 I 

Half morocco '7 50 I 

eW. F. Logarithm Tables ,..(/« Preparation.) .^^^J 

C. C., and Mackay, J. S. PracHcal Mathematics Svo, >^^^| 

" -Ci^ 
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EoMter, F. Sleam-Electiic Power Plants 4to, *5 oo 

Hydroelectric Developments and Engineering 4to, *$ oo 

KoUer, T. The Utilization of Waste Products 8to, *3 50 

— — Cosnietics 8»o, *J 50 

Krancb, C. Testing o( Chemical Reagents. Trans, by J. A. WilUamsoa 

and L. W. Dupre. . . 8»o, *3 00 

Lambert, T. Lead and its ComiMninds Sto, *3 50 

Bone Products and Manures 870, ''3 00 

Lambom, L. L. Cottonseed Products 8vo, *3 00 

Hodeni Soaps, Candles, and Glycerin 8vo, ♦? 50 

Lamprecht,R. RecDver; Work After Pit Fires. Trans.bf C.Salter. .Sto, *4 00 
Laacbester, F. W. Aerial Flight. Two Volumes. Sm. 

VoL L Aerodynamics •6 00 

VoL n, Aerodoaetics '6 00 

Laroer, E. T. Principles of Alternating Currents izmo, *i 25 

Larrabee, C. S. Cipher and Secret Letter and Telegraphic Code t6mo, o 60 

La Rue, B. F. Swing Bridges. (Science Series No. 107.) i6mo, o 50 

Lassar-Cohn, Dr. Modern Scientific Chemistry. Trans, by M. M. Patti- 

son Huir iimo, *i 00 

Latimer, L. H., Field, C. J., and Howell, J. W. Incandescent Electric 

Lighting. (Science Series Mo. 57,) , i6mo, o so 

Latta, H. N. Handbook of American Gas- Engineering Practice 8to, *4 50 

American I*roducer Gas Practice 4I0, '6 00 

Leosli, A. R. Breakdowns at Sea izmo, i 00 

— ^- Triple and Quadruple EipansioD Engines iimo, 2 00 

— Refrigerating Machinery ,'. . . iimo, 2 00 

Lecky, S. T, S. " Wrinkles " in Practical Navigation 8vo, "8 00 

Le Doui, M, Ice-BIaking Machines. (Science Series No. 46.) i6mo, o 50 

Leeds, C. C. Mechanical Drawing for Trade Schools oblong 4to, 

High School Edition *i 25 

Machinery Trades Edition *i 00 

Lef^vre, L, Architectural Pottery, Trans, by H. K. Bird and W. M. 

Binns 4'o. *7 5° 

Lehner, S. Ink Blanufacture. Trans, by A. Morris and H. Robson . .8vo, "2 50 

Lemstrom, S. Electricity in Agriculture and Horticulture 8vo, *i 50 

LeVan, W. B. Steam- Engine Indicator. (Science Series No. 78.). i6mo, o 50 

Lewes, V. B. Liquid and Gaseous Fuels. (Westminster Series.). . . .Svo, *2 00 

Lieber, B. F. Lieber's Standard Telegraphic Code 8va, *ia 00 

Code. German Edition Svo, 'lo 00 

— Spanish Edition Svo, "lO oo 

French Edition., . , Svo, *io 00 

— Terminal Indei Svo, *2 50 

Lieber's Appendix. folio, *I5 00 

— Handy Tables 410, *2 50 

Bankers and Stockbrokers' Code and Merchants and Shippers' BUink 

Tables Svo, *is 00 

100,000,000 Combination Code Svo, *I5 00 

Engineering Code Svo, *io 00 

Linrmore, V, P., and Williams, 3. ^f''* lo 'Became a. CQcifet«nt Motor- 

man «»», *■». s« 
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Livingstone, S. Design and Construction of Commutators 8vo, *3 35 

Lobben, P. Uachinists' and Draftsmen's Handbook 8td, 2 50 

Locke, A. G. and C. G. Manufacture of Sulphuric Acid 8vo, 10 00 

Lockwood, T. D. Electricity, Magnetism, and Electro-telegraph. 

8vo, 2 50 

Electrical Measurement and the Galvanometer iimo, t 50 

Lodge, O. J. Elementary Mechanics t2mo, i 50 

Signalling Across Space without Wires 8vo, 'a 00 

Lord, R. T, Decorative and Fancy Fabrics, ..... 8vo, '3 50 

Loring, A. E. A Handbook of the Electromagnetic Telegraph. . . i6mOi o 50 

Handbook. (Science Series Ho. 39.) ... ... ...... i6mo, o 50 

Lonenstein, L- C, and Crissej', C. P. Centrifugal Pumpa . . . (/n Press.) 

Lucke, C. E. Gas Engine Design , . Svo, *3 00 

Power Plants: their Design, Efficiency, and Power Costs. 3 vols. 

[In P,;!M:n,li'..,.) 

Power Plant Papers. Form I. The Steam Power Plant . . paper, *i 50 

Lunge, G. Coal-tar and Ammonia. Two Volumes Svo, '15 00 
Manufacture of Sulphuric Acid and Alkali. Three Volumes 8vo, 

fo\. I. Sulphuric Acid. In two parts . *1S 00 
Vol. n. Salt Cake, Hydrochloric Acid and Leblanc Soif. In two 

parts '15 00 

Vol. III. Ammonia Soda ... *i5 00 

Technical Chemists' Handbook. lamo, leather, *3 50 

Technical Methods of Chemical AnalyBla. Tnuis. b; C. A. Keane. 
in collaboration with the corps of qwcialists. 

VoL I. In two parts. . , Svo, *is Qo 

Vols, n and III (In Pnpnmlivn.) 

Lupton, A., Parr, C. D. A., and Perkin, H. Electrki^ be Applied to ' 

Mining.. 8vo, '4 50 

Luquer, L, M. Minerals in Rock Sections Svo, *i so 

Macewen, H. A. Food Inspection . . 8to, •» 50 

Uacbenzie, N. F. Motes on Irrigation Works Bvo, *i 50 \ 

Hackie, J. How to Hake a Woolen Hill Pay. .8vo, *a 00 

Mackrow, C. Naval Architect's and Shipbuilder's Pocket'book. 

i6mo, leather, S 00 

Maguu-e, Capt. E. The Attack and Defense of Coast Fortifications Svo, x 50 

Haguire, Wm. R. Domestic Sanitary Drainage and Plumbing. . Svo, 4 00 
Hallet, A- Compound Engines. Trans, by R. R. BueL (Science Series 

Mo. 10.) i6mo, 

Mansfield, A. N. Etectro-magnEts. (Science Series No. 64.) t6nu), o so 

Marks, E. C. R. Construction of Cranes and Lifting Machinery. . . . iimo, **! 50 

Construction and Working of Pumps umo, *i jo 

Manufacture of Iron and Steel Tubes umo, *i 00 

. Mechanical Engineering Materials. timo, 'i 00 

Marks, G. C. Hydraulic Power Engineering Bvo, 3 50 

Inventions, Patents and Designs lamo, *i 00 

Marktaam, E. R. The American Steel Worker iimo, 1 50 

Harlow, T.G. Drying Machinery and Practice Svo, "5 00 

tsh, C. F. Concise Treatise on Reinforced ConcreU 8»o, "a 50 

C. F., and Dunn, W. Reinforced Concrete - .410^ *5 oa^ 
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Harsh, C. F., and Dunn, W. Manual of Reinforced Concrete and Con- 
crete Block Constnictian i6mo, morocco, *j so 

Hastie, W. W., and Underbill, C. R. Wireless Telegraphy and Telephony. 

Matheson, D. AuEtraliao Saw-Hiller's Log and Timber Ready Reckoner. 

iimo, leather, i 50 

Hathot, R. £. Internal Combustion Engines Sto, *6 00 

Maurice, W. Electric Blasting Apparatus and Explosives 8vo, *3 50 

— — Shot Firer's Guide .8vo, *i so 

Maxwell, J. C. Matter and Motion. (Science Series Ho. 36.) i6mo, o 50 

Maxwell, W. H., and Brown, J. T. Encyclopedia of Municipal and Sani- 
tary Engineering. . . 4to, *ro 00 

Mayer, A. M. Lecture Notes on Physics Svo, 2 00 

McCuUough, R. S. Mechanical Theory of Heat Svo, 3 50 

Mcintosh, J. G. Technology of Sugar Svo, *4 50 

Industrial Alcohol Svo, *3 00 

Manufacture of Varnishes and Kindred Industries. Three Volumes. 

Svo. 

VoL L Oil Crushing, Refining and Bailing *3 50 

Vol. II. Varnish Materials and Oil Varnish Making *4 00 

Vol. lU  0" rrr/«ir.Uio„.) 

HcEnlght, J. D., and Brown, A. W. Marine Multitubular BoUera *i so 

McMaster, J. B. Bridge and Tunnel Centres. (Science Series No. 20.) 

i6mo, o 50 

McUechen, F. L. Tests for Ores, Minerals and Hetals i2mo, *i 00 

McNeiU, B. McNeill's Code Svo, *6 00 

Mcpherson, J. A. Water-works Distribution Svo, 2 so 

Melick, C. W. Dairy Laboratory Guide i jmo, *i 15 

Merclt, E. Chemical Reagents; Their Purity and Tests Svo, *i 50 

Menitt, Wm. H. Field Testing for Gold and Silver i6mo, leather, i 50 

Meyer, J. G. A., and Pecker, C. G. Mechanical Drawing and Machine 

Design , 4tO; s 00 

Michel I, S. Mine Drainage Svo, 1000 

Hierzinski, S. Waterproofing of Fabrics. Trans, by A. Morris and H. 

Robson Svo, *a 50 

Miller, E. H. Quantitative Analysis for Mining Engineers Svo, *i 50 

Miller, G. A. Determinants. (Science Series No. 105.) l6mo, 

Milioy, M. E. W. Home Lace-malting i2mo, *i 00 

Minifie, W. Mechanical Drawing Svo, *4 oo 

MitcheU, C. A., and Prideaui, R. M. Fibres Used in Textile and Allied 

Industries Svo, 

Modem Meteorology iimo, i s" 

Monckton, C. C. F. Radiolelegraphy. (Westminster Series.) Svo, •* 00 

Monteverde, R. D. Vest Pocket Glossary of English- Spanish, Spanish- 
English Technical Terms. . . . ... 64 mo, leather, *t 00 

Moore, E. C. S. New Tables for the Complete Solution of Ganguillet and 

Kutter's Formula Svo, *s 00 

Horeing, C. A.,andHeal, T. New General and Mining Telegraph Code, Svo, *5 00 

Morgan, A. P. Wireless Telegraph Apparatus for Amateurs izmo, *i 50 

Hoses, A. J. The Characters ot Crystah Svo, *a 00 

Koaee, A, J,, and Parsons, C. L. EUments ons.i,ttw»X'«S3 .*"«>, ^'i ^ 
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Moss, S, A. Elements of Gas Engine Design. (Science Series Bo.iii 


.)i6mo. 


50 


The Lay-out of Corliss Valve Gears. (Science Scries Mo. 119. 


1 i6rao. 


50 


HuUin, J. P. Modern Moulding and Pa Hern- making 


iimo, 


'S» 1 


Hunby, A. E. Chemistry and Physics Of Building Materials. (Westmin- 




ster Series.) 


8vo, 


*J 00 


Murphy. J. G. Practical Mining 


i6mo, 


I 00 1, 


Murray, J, A. Soils and Manures. (Westminster Series.) 


8VD, 


*' **° ! 


Maquet, A. Ugal Cbemistry 


umo, 


1 




. 8vo, 


3 00 


Neilson, S. M. Aeroplane Patents 


8vo, 


■j 00 


Nerz, F. Searchlights, Trans, by C. Rodgers 


8vo, 


•3 00 


Neuberger, H., itod Noalhat. H. Technology of PetfoJeum. Trans, by J. 




G. Mcintosh . . 


8vo, 




tlewall, J. W. Drawing, Sizing and Cutting Bevel-gears. 


8vo, 


' 50 


Newlands, J. Carpenters and Joiners' AssiElanl. folio, half a 


lorocco. 




Nicol, G. Ship Construction and CahuLations. . . 


8vo. 


'4 so 


>ipher, F. E. Theory of Mngnetic Measurements 


Iimo, 




Hisbet, H. Grammar of Te^ile Design 


8vo, 


*3 00 


Nolan, H. Tbe Tilescope. (Science Series Ko. 51.) 


16 mo. 


50 


WoU, A. How (0 Wire Buildings 


itmo. 


I so 


Mugent, E. Treatise on Optics 


iimo. 


> 50 


O'Connor, H. The Gas Engineer's Pocketbook. ... umo, 


leather, 


3 50 


- Petrol Air Gas. . , . . 


umo. 


'0 75 


Ohm, G. S., and Lackwood, T. D. Galvanic Circuit. Translated by 




William Francis. (Science Series Ko. 102.1... 


.6mo. 


50 


Olsson, A. Motor Control, in Turret Turning and Gun Elevating. 


(U.S. 




Navy Electrical Series, Ro. 1.) timo 


 paper. 


*o SO 


Olsen, J. C. Teit-book of Quantitative Chemical Analysis 


8vo, 


:i:-' 


Oudio, M. A. Standard Polyphase Apparatus and Systems 


8vo, 


Pataz, A. Industrial Photometry. Trans, by G, W, Patterson, Jr 


. 8vo, 


•4 00 


Pamely, C. CoUiery Manager's Handbook 


8vo, ^ 


'10 00 


Parr, G. D. A. Electrical Engineering Measuring Instruments 


8vo. 


•3 50 


Parry, E. J. Chemistry of Essential Oils and Artificial Perfumes 


8vo, 


•S 00 


Parry, E. J., and Cosle. J. H. Chemislij of Pigments 


Svo, 


*4 50 


Parry, L. A. Risk and Dangers of Various Occupations 


Svo. 


♦3 00 


Parshall, H. F.. and Hobart, H. M. Armature Windings 


4to. 


•7 50 


Electric Railway Engineering . 


4<o, " 




Parshall, H. F., and Parry, E. Electrical Equipment of Tramways 


,. i/n r.-c.,,! 


Parsons, S. J. Malleable Cast Iron 


8vo, 


'» 50 


Passmore, A. C. Technical Terms Used in Architecture . . 


8vo, 


*3 50 


Patterwju, D. The Color Printing of Carpet Yams 


Svo. 


•3 SO 


Color Matching on TextUes 


Svo. 


•3 00 


The Science o( Color Mixing 


8vo. 


•3 oc 

♦i iS 


Patlon, H. B. Lecture Dotes on Crystallography. 


Svo. 


Paulding, C. P. Condensation of Steam in Covered and Bare Pipes 8vo, 


*] 00 


— Transmission of Heat through Cold-storage Insulation . . 


umo. 


*i 00 


Petrce, B. System of Analytic Mechanics ... 


41a, 


10 00 


i fmdni, V. The Railway Locomotive. (Westminster Series.). . 


.8vo, 


*] oa 


■^■b^ F. M. Practical Methods ot InoitanXc C^wavwXn 


, .VW»SK 


' "" i 


■. 


.e..vG 


«#J 
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Perrigo, 0. E. Change Gear Devices 

Perrine. F. A. C. ConduclorB for Electrical Distribution 

Petit, G. White Lead and Zinc While Paints flvo. 

Petit, R. How lo Build ao Aeroplane. Trans, by T. O'B. Hubbard, and 

J. U. Lcdeboer 6vo, 

Pettit, Lieut. J. S. Graphic Processes. iScience Series Ho. 76.) . t6nio. 
Perry, J. Applied Mechanics 8vo, 

Philbrick, P. H. BeamE and Girders. {Science Series Ito. 88.) . i6ma, 
Phillips, J. Engineering Chemistry 8vo, 

Gold Assaying . .8»0, 

Dangerous Goods 8vo, 

Phin, J. Seven Follies of Science wmo, 

Household Pests, and How to Gel Rid of Them 8*0 (In Pif;« 

Pickworlh, C. N. The Indicator Handbook. Two Volumes iimo, each, 

Logarithms (or Beginners .... iimo, boards, 

The Slide Rul3 umo. 

Plane Table, The 8vo, 

Plartner's Manual of Blow-pipe Analysis. Bigbib Edition, revised. Trans. 

by H. B. Cornwall 8vo, 

Plympton, G. W. The Aneroid Barometer. (Science Series So. 35.) i6mo, 

How to become an Engineer. (Science Series Ho. 100.) i6mo, 

Van Hoitiand's Table Book. (Science Series Ho. 104.) t6mo, 

Pochet, U. L. Steam Injectors. Translated from the French. (Science 

Series Ho. Jij.).. , . . . , i6mo, 

Pocket Logarithms to Four Places. (Science Series So. 65.)., i6rao, 

leather, 
Pope, F. L. Modern Practice of the Electric Telegraph 8vo, 

Popplewell, W. C. Elementary Treatise on Heat and Heat Engines iimo, 

Prevention of Smoke . 8vo, 

Strength of Materials 8vo, 

Potter, T. Concrete 8vo, 

Practical Compounding of Oils, Tallow atid GresK ... 8vo, 

Practical Iron Founding iimo. 

Pray, T., Jr. Twenty Years with the Indicator 8vo, 

Steam Tables and Engine Constant. . . . 8vo, 

— Calorimeter Tables . . 8vo, 
Preece, W. H. Electric Lamps ... . {In Prrst.) 
Prelini, C. Earth and Rock Excavation 8vo. 
Graphical Determination of Earth Slopes 8vo, 

Tunneling 8vo, 

- — Dredging. A Practical Treatise. ihi I'trioi.) 
Prescott, A. B. Organic Analysis 8vo, 
Preseott, A. B., and Johnson, 0. C. Qualitative Chemical Analysis 8vo, 
PrescotI, A. B., and Sullivan, E. C. First Book in Qualitative Chemistry. 

Pritchard, D. G. The Manufacture of Electric-light Carbons 8vo, paper, 
ProBt, E. Chemical Analysis of Fuels, Ores, Metals. Trans, by J. C. 

Smith -. 8vo, 

Pullen, W. W. F. Application of Graphic Methods lo the Design of 

Structures ...... 

^B^ Injectors: Theory, Construction and Working. 




•a 00 
3 00 



*o 60 

*4 50 
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PuUifer, W. H. Notes (or a Hislory of Lead 

Pstchasc, W. R. Masonry, . . i 

Patsch, A. Gas and Coal-dust Firing 

Pynchon, T. R. Inttoduction xo Chemical Physics , . 8vo. 

Ralter G. W. • Mechanics ol Ventilation. (Science Series No. 33-) id 

Potable Water, i Science Series No. 103.) i6nio, 

-^ — Treatment of Septic Sewage. (Science Series No. 118.) i6[D0, 

Rafter, G. W., and Baiter, H. N. Sewage Disposal in the United States 4to, 

RaJkes, H. P. Sewage Disposal Works 

RaQway Shop Up-lo-Date 4to, 

Ramp, H. M. Foundry Practice {/•» Prc-s,i,) 

Randall, P. M. Quartz Operator's Handbooks i 

Ran(jau, P. Enamels and Enamelling 

Rankine, W. J. M. Applied MecbanicB Sto, 

 Civil Engineering , , . 8vo, 

- — - Machinery and MiUwork , . , Syo, 

Rankine, W. J. M. The Steam-engine and Other Prime Hovers. , 8 

Dseful Rules and Tables 8 

Rankine, W. J. H., and Bamber, E. F. A Hechanical Text-book. 8 
Raphael, F. C. Localiiation ot Faults in Electric Light and Power Mai 

8 
Rathbone, R. L. B, Simple Jewellery . , ... J 

Raleau, A. Flow of Steam through Nozzles and Orifices. Trans, by H. 

B. Bcydon 
Sausenberger, F. The Theory of the Recoil of Guns ... . 
Rauteusbaucll, W. Notes on the Elements of Machine Design, 8vo, boards, 
Rautenstrauch, W., and Williams, J. T. Machine Drafting and Empirical 

Design. 

Part I. Machine Drafting . 8 

Part II. Empirical Design . . . (la Prepanttio 

Raymond, E. B. Alternating Current Engineering, . , iin 

Rayner, H. Silk Throwing and Waste Silk Spinning . . .8 

Recipes (or the Color, Paint, Varnish, Oil, Soap and Drysaltery Trades 8 
Recipes for Flint Glass Making . . i2r 

Redwood, B. Petroleum. (Science Seriea No. qi.) i6b 

Reed's Engineers' Handbook .... 8 

Key to the Nioeteenth Edition of Reed's Engineers' Handbook 8vo, 

- — - Useful Hints to Sea-going Engineers 11 

Marine Boilers . li 

Reinhaiill, C. W. Lettering for Draftsmen, Engineers, and Students. 

oblong 4to, boards, 

— The Technic o( Mechanical Drafting oblong 4to, boards, 

Reiser, F. Hardening and Tempering of Steel. Trans, by A. Morris and 

H. Bobson . . .... 1 

Reiser, R. Faults in the Manufacture of Woolen Goods. Trans, by A. 

Morris and H. Robson . . 

Spinning and Weaving Calculations ....... . , ..... 

Renwick, W. G. Marble and Marble Working , 8vo, 

, 0., and Idell, F. E. Triple Expansion Engines. (Science 
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Rhead, G. F. Simple Structural Woodwork iimo, *i oo 

Rice, J. H., and Johnson, W- W. A New Hetfaod of Obtaiaing th« DiSer- 

ontiol of Functions iimo, o 50 

RichaidBon, J. The Modern Steam Engine 8to, *3 50 

Richardson, S. S. MagnetiEm and Electricity iimo, *z 00 

Rideal, S. Glue and Glue Teatiog. .*.8to, *4 00 

Rings, F. Concrete in Theory and Practice iimo, *3 50 

Riroer, W. Course of Instruction in Machine Drairing folio, *6 00 

Roberts, F. C. Figure of the Earth. (Science Series No. 7g.) i6ma, a 50 

Roberts, J., Jr. Laliwatorjr Worlc in Electrical Engineering Svo, *3 00 

Robertson, L. S. Water-tube Boilen Svo, 3 00 

Robinson, J. B. Architectural Compoution 8to, *2 50 

Robinson, S. W. Practical Treatise on the Teeth of Wheels. (Science 

Series Ho. 14. ) i6mo, o 50 

Railroad Economics. (Science Series Ho. 59.) t6mo, o 50 

Wrought lion Bridge Members. (Science Series Ho. 6o.) ifimo, o 50 

Boebling, J A. Long and Short Span Railwa; Bridges folio, 35 00 

Rogers, A. A Laboratory Guide of Industrial Chemistry iimo, *i 50 

Rogers, A., and Aubcrt, A. B. Industrial Chemistry .{In Preas.) 

Rogers, F. Magnetism of lion Vessels. (Science Series No. 30.) . . i6mo, o 50 

RoUins, W, Hotes on X-Ligfat 8»o, "7 s» 

Rose, J. The Pattern-makeTB' Assistant Svo, a 50 

Key to Engines and Engine- runaiog lamo, 1 50 

Rose, T. E. The Precious Metals. (Westminster Seriea.) Svo, *3 00 

Rosenhain, W. Glass Manufacture. (Westminster Seriee.) Svo, *a 00 

Ross, W. A. Plowpipe in Chemistry and Metallurgy iimo, *3 00 

Rossiter, J. T. Steam Engines. (Westminster Series.). ., Svo (/n Press.) 

Pumpe and Pumping Machinery. (Weelminsler Series.).. Svo (In Press.) 

Roth. Physical Chemistry 8vo, 'a 00 

Rouillion, L. Tbe Economics of Manual Training Svo, 1 00 

Rowan, F. J. Practical Physics of the Modern Steam-boilv Svo, 7 50 

Rowan, F. J., and Idell, F. E. Boiler Incrustation and Corrosion. 

(Science Series Ho. 37.) i6mo, o 50 

Roxburgh, W. General Foundry Practice Svo, "3 50 

Ruhmer, E. WiieleEs Telephony. Trans, by J. Erskine-Hurray. . . ,8vo, *3 50 

Russell, A. Theory of Electric Cables and Hetworks Svo, *3 00 

Sabine, R. History and Progress of the Electric Telegraph lamo, i 35 

Saeltzeii A. Treatise on Acoustics lamo, 100 

Salomons, D. Electric Light Installations, izmo. 

Vol. I. The Management of Accumulators 3 50 

Vol. n. Apparatus , , , 3 35 

Vol. HI.- Applications 1 S" 

Sanford, P. G. Nitro-eiplosives Svo, *4 do 

Saunders, C. H. Handbook of Practical Hecbamcs t6mo, i 00 

leather, i 35 

Snunnier, C. Watchmaker's Handbook lamo, 3 00 

Sayers, H. M. Brakes for Tram Cars Svo, *i 35 

Scheele, C. W. Chemical Essays Svo, *2 00 

Scbellen, H. Uagneto-electrlc and Dynamo-electric Hachlnea Svo, 5 00 

Scberer, R. Caoeia. Trans, by C. Salto .«»»» •300 
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Sehmatl, C, H. First Course in Analytic Geometry, Plane and Solid. 


' 


i2mo, half lealber, 


•i 75 




*I 2$ 


Schmeer, L. Flow of Water Svo, 


•3 00 


Schumann, F, A Manual of Heating and VentiUtion umo, leather, 


I SO 


Schwari, E, H. L. Causal Geology Svo, 


•i so 


Schweizer, V., DisliUation of Resins . ... 8vo, 


•3 SO 


Scott, W.W. Qualitative Analysis. A Laboratory Manual Svo, 


•1 50 




1 SO 


Searle, G. M. " Sumners' Method." Condensed and Improved. (Science 




Series No. 114.1 i6mD, 


50- 


Sealon, A. E. Manual of Marine Engineering Svo, 


6 00 


Seatgn, A. E., and Rounthwaite, H. H. Pocket-book of Harine Engineer- 




ing,.... i6mo, leather, 


3 00 






Gutla Percha. Trans, by j. G. Mcintosh Svo, 


•s 00 


Seidell, A. Solubilities of Inorganic and Organic Substances Svo, 


•3 00 


Sellew, W. H. Steel Rails 4to (/« Prw,.) 




Sentu, G. Outlines of Physical Chemistry izmo. 




Sever, G. F. Electric Engineering Experiments Svo, boards. 


*I 00 


Sever, 6, F., and Townsend, F. Laboratory and Facfory Tests in Electrical 




Engineering .... , Svo, 


'l 50 


Sewall, C. H. Wireless Telegraphy. 8vo, 


•l 00 


Lessons in Telegrarhy. . . i2mo, 




Sewell, T. Elements of HWtrical Engineeritig Svo, 


•3 00 


The Con-truetion of Dynamos Svo, 


•3 00 


Se«ton, A. H. Fuel and Refractory Materials. umo, 


*2 50 


Chemistry of the Materials of Engineering limo. 


*J 50 


Alloys (Hon- Ferrous).. Svo, 


*3 00 


The Metallurgy of Iron and Steel. Svo, 


*6 SO 


Seymour, A. Practical Lithography , .Svo, 


*a 50 

*2 00 


Modern Printing Inks 8vo, 


Shaw, Henry S. H. Mechanimi Integrators. (Science Series No. S3.) 




1 6 mo. 


SO 


Shaw, p. E. Course of Practical Magnetism and Electricity 8vo, 




Shaw, S. History of the Staffordshire Potteries Svo, 


•3 00 


Chemistry of Compounds Used in Porcelain Hanufaclure. .... 8vo, 


•s 00 


Sheldon, S., and Hausmann, E. Direct Current Machines . Svo, 


•a SO 


Svo, 


•i SO 


Sherer, R. Casein. Trans, by C. Salter Svo, 


•3 00 


Sherriff, F. F. Oil Merchanrs' Manual umo, 


^ so 


Shields, J. E. Notes on Engineering Conalruction, iimo, 


1 so 


Shock, W. U. Steam Boilers 4to, half morocco. 


15 og 


^hreve, S. H. Strength o( Bridges and Roofs Svo, 


3 SO 


Shunk, W. F. The Field Engineer . umo, morocco, 


3 50 






8to, 


•3 00 J 


Simms,F.W. The Principles and Practice o( LevellnE Svo, 


Z 00 


Practical Tunneling. Svo, 


7 SO 1 
•550 1 


Simpson, G. The Naval Coastructor .....,.-., iimo, morocco, 


1 .,o„ze..vG 
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Slaclatr, A. Devclopmeat of the Locomotive Engine . ..8vo, half leather, 5 

SindaU, H. W. Manufacture of Paper. {Westminator Series.) gvo, *3 

Sloane, T. O'C. Elementary Elecuical Calculations ilmo, *a 

Smith, C.F. Practical Alternating Currents and Testing 8vo, *] 

Practical Testing of D;iiamoB and Hoiore 8vo, ♦a 

Smith, F. E. Handbooli of General InBtruction for Hechanica .... ismo, i 
Smith, L W. The Theory of Deflections and of Latitudes and Departnies. 

l6mo, morocco, 3 

Smith, J. C. Hanufacture of Paint 8vo, "3 

Smith, W. Chemistry of Hat Manufacturing . iimo, '3 

. Snell, A, T. Electric Motive Power 8to, ^4 

Sdow, W. G. Pockettiook of Steam Heating and Ventilation. (In Preat.) 
Snow, W. G., and Nolan, T. Ventilation of Buildings. (Science Series 

Mo. s.) i6mo, o 

Sodd;, F. Radioactivity. 8to, •j 

Solomon, M. Electric Lam|M. (Westminster Series.) 8to, *3 

Sothem, J. W. The Marine Steam Turbine 8to, *5 

Sozhlet, D. H. Dyeing and Staining Marble. Trans, by A. Morris and 

H. Rt^son 8?o, *a 

Spang, H .W. A Practical Treatise on Lightning Protection iimo, i 

Spangenbuig, L. Fatigue of Metals. Translated by S. H. Shreve. 

(Science Series No. 23.) i6mo, o 

Specht, G. J., Hardy, A. S., McMaster, J. B., and Walling. Topographical 

SiUTeying. (Science Series Ho. -ji.) i6mo, o 

Speyers, C. L. Text-book of Physical Chemistry 8»o, 'a 

Stahl, A. W. Transmission of Power. (Science Series No. aS.) . . . idmo, 

SUhl, A. W., and Woods, A. T. Elementary Mechanism izmo, *i 

Staley, C, and Pierson, G. S. The Separate System of Sewerage 8vo, *3 

Standage, H, C. Leather workers' Manual 8vo, *3 

Seating Waies, Wafers, and Other Adhesives Svo, *2 

Agglulinants of all Kinds for all Purposes iimo, *j 

Stansbie, J. H. Iron and Steel, (Westminster Series.) 8vo, "i 

Stevens, H. P. Paper Mill Chemist i6mo, *x 

Stevenson, J. L. Blasl-Furnace Calculations i2mo, leather, "a 

Stewart, A. Modern Polyphase Machinery izmo, *2 

Stewart, G. Modern Steam Traps lamo, *i 

Stiles, A. Tables for Field Engineers iimo, i 

Stillman, P. Steam-engine Indicator lamo, i 

Stodola, A. Steam Turbines. Trans, by L. C. Loewenstein Svo, *$ 

Stone, H. The Timbers of Commerce 8vo, 3 

Stone, Gen. R. Hew Roads and Road Laws. lamo, i 

Stopes, H. Ancient Plants Svo, *a 

The Study of Plant Life Svo (/n Press.) 

Sudborougta, J. J., and James, T. C. Practical Organic Chemistry. . i2mo, *2 

Suffling, E. R. Treatise on the Art o( Glass Painting Svo, "3 

Swan, K. Patents, Designs and Trade Harks. (Westminster Series.) 

8V0, *3 

Sweet, S. H. Special Report on Coal . Svo, 3 

Swinburne, J., Wordingham, C. H., and Martin, T. C. Eletcric Currents. 

CScience Series Ho. 109.) i6mo, a 

Swoope, C. W. Practical Lessons \n E\et«\t\\.'( lamo, *a 
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TaiUer, L. Bleaching Linen and Cotlon Yam and Fabrics 8vo, 


Iff! 


Tate, J. S. Surcharged and Different Forms of Retaining -walls- (Science 




Seties Mo. 7-1---- . i6mo. 








' iimo, morocco, 
Tctty, H. L. India Rubber and its Manufacluie. {Weslminater Seriea.1 


2 M 


1 8vo, 


*i 00 


Thorn, C. and Jones, W. IL Telegiaphic Connections oblong omo, 


1 50 


Thomas, C. W. Paper- niakers' Handbooli , , </« I'rfJ^.) 






♦7 50 




•s 00 


Thompson, E. P. How to Blake Isvinlions . 8vo, 


so 






i6mo, 


50 


Tfaompson, W. P. Handbook of Patent Law ot All CountTUs i6niD, 


I SO 


Thomley, T. Cotton Combing Uacbiaee 8vo, 


'3 00 


Cotton Spinning. 8vo. 




Firat Year 


••SO ,1 


Second Year 


•a 50 


Third Year 


*2 50 


Thutso,J. W. Modem Turbine Pracliee- , . . 8»0, 


•4 00 


Tidy, C. Heymoit. Treatment of Sewage. (Science Series Ifo. 94.). i6mo, 


so 


Tinney, W. H. Gold-mining Machinery , 8»o, 


•500 


Titherley, A. W. Laboratory Course of Organic Chemistry . 8vo, 


*a 00 


Toch, H. Chemistry and Technology of Mixed Paints , ,. Svo, 


•3 00 


— - Pigments and Artistic Painting nmo (/ri frtwi.) 






•750 . 


Tonge, ;. Coal. (Westminster Series.i - Svo, 


•i 00 


Townsend, F. Allernating Current Engineering. . . .8vo, boards 


•o7S 


Townsend. J. loniiation ot Gases by Collision. , 8vo, 


•i 75 


Transactions of the American Institute of Chemical Engineers. Svo. 




, Vol. I. 1908 


•6 00 


^^_ VoLU. ,909 


*6 00 


^^Hjuene Tables. (Science Series Ho. 115.) [6mo, 


so 

1 00 


^^m 


^^Bnki, W., and Uousum, C. Sbaft Governors. (Science Series No. tii.j 




[ i6mo, 


so 


Trowbridge, W. P. Turbine Wheels. (Science Series Mo. 44. 1 i6mo. 


50 


Tucker, J. H. A Manual of Sugar Analysis . Svo, 


3 50 


Tumlirz, 0. PotenliaL Trans, by D. Robertson . , iimo. 


I as 


Tunner, P. A. Treatise on Roll-turning. Trana. by J. B- Pearse. 




Svo, text and folio alias. 


10 00 


Turbayne, A. A. Alphabets and Numerals 4to, 


1 00 


Tumbull, Jr., J., and Robinson, S. W. A Treatise on the Compound 




Steam-engine, (Science Series No. 8.) i6mo, 




Turrill, S. M. Elementary Course in Perspective iimo. 


•> iS 




^^m i^ <»>». 


•100 


^^^BUUtft, J. W. Electric Light Pitting i»no, 


a DO 


^^^B Electro-plating iimo, 


a 00 
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Drquhart, J. W. ElectrotTping i2mo, 

Electric Ship Lighting izmo, 

Dniv«rsal Telegraph Cipher Code iimo, i 



Vacher, F. Food Inspector's Handbook umo, *3 ; 

Van Noetrand'i Chemical Annual. Second issue 1901) iimo, *2  

Year Book of Hech&nical Engineering Data. First israe 191 1. (/n Pre>i, 

Van Wagenen, T. F. Manual of Hydraulic Mining t6n)o, i 1 

Vega, Baron Von. Logarithmic Tables 8vo, half morocco, 2 ; 

Villon, A. H. Practical TreatiM on the Leather Industry. Trans, by F. 

T. Addyman 8to, 'io ( 

Vincent, C. Ammonia and its Compounds. Trans, fay M. J. Salter. Svo, *2 c 

Volk, C. Haulage and Winding Appliances Svo, *4 c 

Von GeorgievicB, G. Chemical Technology of Textile Fibres. Trans, by 

C. Salter Svo, ♦4; 

— — Chembtry of Dyestufifs. Trans, by C. Salter Svo, *4  

Vose, G. L. Graphic Method for Solving Certain Questions in Arithmetic 

and Algebra. (Science Series No. 16.) 16010, o • 

Wabner, R. Ventilation in Mines. Trans, fay C. Salter Svo, *4  

Wade, E. J. Secondary Batteries Svo, *4 c 

Wadsworth, C. Primary Battery Ignition umo {In /*rf.i.s.) 

Wagner, E. Preserving Fruits, Vegetables, and Meat rimo, '25 

Walker, F. Aerial Navigation Svo, ao 

Dynamo Building. (Science Series Ho. 98.) i6mo, o s 

Electric Lighting for Marine Engineers Svo, 2 

Walker, S. F. Steam Boilers, Engines and Turbines Svo, 30 

Refrigeration, Heating and Ventilation on Shipboard. 

,2mo (Zn /V..«.) 

Electricity in Mining Svo, "3 5 

Steam Boilers, Engines and Turbines Svo, '3 o 

Walker, W. H. Screw Propulsion 8vo, o 7 

Wallis-Tayler, A. J. Bearings and Lubrication Svo, 'is 

Modern Cycles 8vo, 4 o 

Motor Cars Svo, i & 

Motor Vehicles lor Business Purposes Svo, 3 S' 

Pocket Book of Refrigeration and Ice Making t2mo, i 51 

— - Refrigerating and Ice-raaking Machinery 8vo, 3 oi 

— Refrigeration and Cold Storage Svo, *4 51 

-- — Sugar Machinery. i2mo, *3 01 

Wanklyn, J.-A. Treatise on the Examination of Hilk umo, i o- 

Water Analysis umo, 2 o- 

Wansbrough, W. D. The A B C of the Differential Calculus . , , i2mo, *! 51 

Slide Valves umo, *2 o> 

Ward, J. H. Steam for the Million Svo, 1 o. 

Waring, Jr., G. E. Sanitary Conditions. (Science Series No. 31.). .i6mo, Si 

Sewerage and Land Drainage *6 oi 

Modern Methods of Sewage Disposal umo, 2 o< 

Haw to Drain a House i2mo, i ai 

WkiTen, F. D. Handbook on ReinloiteA Contttto luno, *2 gi 
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Wfttkins, A. Photography. (Westminster Series.). 8vo (/n Prens.) 

Wataon, E. P. Small Engines and Boilers izmo, t 15 

Watt, A. Electro-plating and Electro-refining of Hetals Svo, *4 50 

Blectio-metallurgy , i2mo, i 00 

The Art of Soap-nwkiiig Svo, 3 00 

Leather Manufacture Svo, *4 00 

Paper-Haking 8»o, 3 "»o 

Weale, J. Dictionary of Terms Used in Architecture timo, 1 50 

Weale's Scientific and Technical Series. (Complete list sent on appUca- 

Weathei and Weather Instruments lamo, 1 00 

paper, o 50 

Webb, H. L. Guide to the Testii^ of Insulated Wires and Cables. . iimo, i 00 

Webber, W, H. Y. Town Gas. (Westminster Series.) Svo, *2 00 

Weekes, R. W. The Design of Attemate Current Transformer i2mo, i 00 

Weisbach, J. A Uanual of Theoretical Mechanics Svo, *6 00 

sheep, '7 so 

Weisbach, J., and Herrmann, G. Mechanics of Air Machinery Svo, *3 75 

Weston, E. B. Loss of Head Due to Friction of Water in Pipes . . . lamo, *i so 

Weymoath, F, H. Drum Armatures and Commutators. Svo, *3 00 

Wheeler, J. B. Art of War iimo, i 75 

Field Fortifications timo, 1 75 

Whiffle, S. An Elementary and Practical Treatise on Bridge Building. 

WhJthaid, P. Illuminating and Missal Painting iimo, i 50 

Wilcox, R. M. Cantilever Bridges. (Science Series No. is-) t6mo, o 50 

Wilkinson, H. D. Submarine Cable Laying and Repairing Svo, *6 00 

Williams, A. D., Jr., and Hutchinson, R. W. The Steam Turbine.. . .{/n I'rexK.) 

Williamson, R. S. On the Use of the Barometer 4", is 00 

- — Practical Tables in Meteorology and Hypsometery 4to, 3 50 

Willson, F. n. Theoretical and Practical Graphics 4to, *4 00 

.Wimperis, H. E. Internal Combustion Engine Svo, *3 00 

Winchell, N. H., and A. N. Elements of Optical Mineralogy Svo, *3 JO 

Winkler, C, and Lunge, G. Handbook of Technical Gas-Analysis. . Svo, 4 00 

Winslow, A. Stadia Surveying. (Science Series No. 77.) i6mo, o 50 
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